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Manufacturers of Custom and Standard LSI Circuits 
Since 1969 


Extra-custom : 


EXTRA:CUSTOM IS LSI COMPUTER SYSTEM'S | 
EXTRA-SPECIAL FULL CUSTOM SERVICE. 
IT SAVES -YOU MONEY THAT SEMI-CUSTOM WASTES. 


EXTRA:CUSTOM SAVES YOU 


MONEY WITH MAXIMUM 
SYSTEM INTEGRATION: | 


Our engineers examine your total system to 
put more components on your chip. That 
means fewer components for you to mount 
on your board. (This is not routinely done 
by semi-custom suppliers.) 
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EXTRA-CUSTOM SAVES YOU 


MONEY WITH MAXIMUM AREA 
EFFICIENCY AND MINIMUM 
PIN COUNT: 


utilizing CAE/CAD to 
speed and verify the 
design, our engineers 
optimize your logic for 
MOS, and fully 
customize chip layout * 
to reduce function area, Zé 
interconnect, and pin 
count. The less silican 


used, and the fewer pins, the lower the unit - 


price for your chip. (Semi-custom provides 
little opportunity for such optimization.) 


EXTRA:CUSTOM SAVES YOU 


MONEY WITH THE RIGHT 


MOS PROCESS TECHNOLOGY: 


the process our engineers recommend for 
your chip will always be the most cost 
effective for your requirements. (With semi- 
custom you must use the process they 
have.) 


EXTRA-CUSTOM MAKES 
MONEY FOR YOU WITH MULTI- 
SOURCED PRODUCTION: 


Our universal design rules let us use 
numerous fabricators, which ensures 
delivery of your chips on time. The more 
Product you can ship on time, the more 
money you make. (With semi-custom, 
multi-sourcing is normally not available.) 


EXTRA-CUSTOM MAKES _| 
MONEY FOR YOU BECAUSE 


our engineers concentrate on designing the 
chip and the test program that goes with it, 
while your engineers concentrate on 
developing new products. (With semi- 
custom, your engineers are all tied up 


designing the chip and test program.) 


For more information about our extra- 
custom service and our standard products, 
call or write: 


Manufacturers of Custom 
2 and Standard LSI circuits. 


1235 Walt Whitman Rd., Melville, NY 11747 USA 


516/271-0400 * TWX: 510 226-7833 


IF YOUR PRODUCTION _ 
QUANTITIES ARE 100K 
A YEAR OR MORE, © 


unit price of an LSI Computer Systems 
extra-custom chip will be much less than 
that of a semi-custom chip — and we'll 
guarantee that your NRE charges will be 
comparable to what you'd have paid for 
semi-custom! 


THE REASON WE KNOW OUR 
EXTRA-CUSTOM SERVICE 
CAN SAVE MONEY 


and make money for you, is that we've been’ 

offering it for over 16 years, producing 

reliable, high volume, cost effective MOS 

circuits for applications including: 

C Phased locked loop touch sensitive light 
dimmer/switches 

[1 Programmable digital delay-timers 

O Military computers, weapons test sets, 
and security systems 

C2 Digital computer organs 

CD Autocorrelators © PBX systems 

C Sound generators for toys and alarms 

0 Security system auto-dialers and wireless 
transmitters © Motor speed controllers 

C Electronic music for greeting cards and | 
consumer novelties (© Pay TV decoders. 

O Frequency and event counters 

0 Synchro-to-digital converters 

OC Remote tone-activated isolation devices 
for telephone lines ( Camera electronics 

C Programmable digital locks 

C2 Police speed radar guns 

0 High frequency oscillator/dividers 


We also offer system design and | 
volume assembly of a pc-board 
or a finished product. 


MEET THE HARDEST 


WORKING CHIPS 
IN THE BUSINESS 


PROGRAMMABLE INTEGRATED 

: ‘CONTROLLER / SEQUENCER 

oe Microprocessor designed for .. 

applications requiring. simple. = 
» decision-making, not computation. — 


~ -LS7270: Performs logical sequencing; © - °° |. 
- ‘timing, and controlling-functions.. Far more - 


*" easily programmed than any other: BP, 
and program can be stored in any 
bs ‘standard ROM, PROM, EPROM, or RAM..: 


Low-cost, reliable replacement for hard- 


wired controls and relay networks. 40- -pin | 


DIP. 


DIGITAL LOCK CIRCUITS 
For automotive/marine anti-theft. 
LS7220: 5,040 4-digit combinations; out- 
of-sequence detection logic; 25uA standby: 
“Save” mode for valet parking settable in 
“Unlock”; built-in convenience delay hard 
wired programming. 14-pin DIP. 


Keyboard Programmable Keyless 
Locks. 

LS$7222-LS7223: Stand alone lock logic 
with 38416, 4 digit codes: 3 different user 
programmable codes; momentary static 
lock control outputs; tamper detection » 
output; high noise immunity. 20- -pin: DP. 


For area access and machine access. 


LS7225-LS7226: 5,040 4-digit 
combinations; toggle output (set and reset 
with application of code); momentary — 
output; tamper output. 14-pin DIP. 


For serial address decoding or 
2-pushbutton keyless locks. _ 
LS7228-LS7229: Address decoder/ digital 
lock; code programmable through 9 
parallel pins; serial decoding input can be 
applied through dual pulse train or two 
pushbuttons; pulse output; duration 
between entries capacitor programmable; 
cascadable; hard wired Progreramping: 
16-pin DIP. 


BRUSHLESS DC 
MOTOR SPEED CONTROLLERS 


LS 7260-LS7261/62: 3 or 4-phase 
commutator chips; overcurrent sensing; 
brake; reverse. 20-pin DIP. . 
LS7263: Crystal controlled 3-phase motor 
speed controller; for fixed speed 
applications; accuracy 0.1%. 18-pin DIP. 
LS7264: Crystal controlled 4-phase motor 
speed controller; for fixed speed 
applications; accuracy 0.1%. 16-pin DIP. 


PROGRAMMABLE DIGITAL 


DELAY TIMER 
For delaying the starting or 
stopping of an operation. 
LS7210: Can generate delays of ms to 
infinity, or add auto reset to wP system; 
programmed by 5 binary weighted input 
bits plus on chip oscillator or external 
clock. Operable in 4 modes; delayed 


operate or release, dual delay, or one- 


. shot. All inputs CMOS, ‘MOS, and TTL - | 
eomnaailes 14-pin’ DIP. a ey 


TOUCH SENSITIVE 


"LAMP DIMMER /AC MOTOR | 


“SPEED CONTROLLER 


: Circuits digitally determine firing ge 
|. angle ofa triac. Phase locked loop 

|. synchronization makes triac output 
| “Pure AC”, callowing triac to drive ©. 
‘motor or transformer windings ; 


directly. 


LS7231-35: Momentary touch turns triac 


off, if on: .if off, momentary touch turns 
triac to maximum or to firing angle stored 
in MEMORY (depending. on circuit). 
Prolonged touch causes firing angle to 
vary. 8 pin mini-DIP. 


LS7237: A touch causes firing angle to 


advance to next state in sequence. Three 
state input pin (“1”, “O”, or “open”) 
selects one of 3 modes of firing angle 
sequence: MAX/OFF; 
LOW/MED/MAX/OFF; 
MIN/LOW/MED/MAX/OFF. Pin 
compatible with LS7231-LS7235. 8 pin 
mini-DIP. 

LS7310-LS7315: Ten level Power control 
with on, off and momentary control, touch 
or switch causes Triac firing angle to 
change to preprogrammed levels for AC 
motors and brightness control of 
incandescent lamps... 

LS7331-LS7332:: ‘Momentary. touch turns 
triac on or.off; prolonged touch causes 
firing angle to vary. Allows computer 
control of triac firing with outputs to 
computer when lamp is at full brightness, 
varying in brightness or when power loss 
has occurred. 


DISPLAY DRIVERS 
For liquid crystal displays requiring 
up to 60V. 
LS7100: BCD to 7 segment latch/ | 
decoder/driver. 
LS7110: Binary addressable latched’ 
8-channel demultiplexer/driver. Both are 
ion-implanted P Channel MOS circuits, 
compatible with CMOS and TTL systems. 
16-pin DIPS. 


‘CMOS DIVIDERS 
For generating time bases from 
50/60 Hz input. All feature input 


shaping network; resettable; division select 
input 50/60 Hz; clock enable input; 8-pin: 
mini-DIP. 

RED 5/6: 10 pulses/sec. 

RED 50/60: 1 pulse/sec. 

RED 100/120: 1 pulse/2 seconds. 

RED 300/360: 1 pulse/0.1 minute... 

RED 500/600: 1 pulse/10 seconds. 
RED 3000/3600: 1 pulse/minute. 


For generating decade-related time 
bases. 


COMPUTER 
SYSTEMS 


LSI 


IN Manufacturers of Custom 

e and Standard LSI Circuits 
RDD104: Addressable divider; divides by 
10, 100, 1000, or 10,000. Input may be. 
controlled: by crystal or external frequency 


an oe source. 8-pin mini- DIP. 


TONE ACTIVATED, 


ts ‘TELEPHONE LINE ISOLATION | 


DEVICE. 


: LS7501- LS7510: Frequency discriminator 
circuits which can disconnect or switch a. 
|. telephone line upon detection of a specific 


frequency tone, 10 standard frequency 
circuit versions. Telephone line checking 
or automatic meter reading applications. 


COUNTERS 
LS7066: 24-bit multimode counter. 
Programmable by microprocessor, via 
three-state I/O bus, to operate in the 
following modes: binary, BCD, 24-hour 
clock, up, down, +n, quadrature, and 
single cycle. Modes can co-exist in 
different combinations. DC to 5 MHz in all 
modes. Includes 24-bit comparator for pre- 
set count comparison; readable status 
register. Input/output TTL compatible. 
20-pin plastic DIP. 7 
LS7060: DC to 10 MHz 32- bit binary up 
counter with 32-bit latch and multiplexer; 
8-bit three-state multiplexed outputs; 
input/output TTL compatible; bus 
compatible. 18-pin DIP. 


LS7062: Identical except that it is a dual 


16-bit counter, with two inputs. 
LS7061: DC to 10 MHz 32-bit binary up 
counter with 40-bit latch and multiplexer; 
access to 8 LSB latches allows attachment 
of prescalers for counting ‘to 2.56 GHz; 
8-bit three-state multiplexed outputs; 
input/output TTL compatible; bus 
compatible. 24-pin DIP. ~ 

LS7063: Identical, except that it is a dual 
16-bit counter, with two inputs. 

LS7030: DC to 5 MHz eight decade up 
counter with 8-decade latch and 
multiplexer, multiplexed BCD and 7 
segment outputs; inputs CMOS and TTL 
compatible; outputs CMOS compatible; 
counter output latches; leading zero - 
blanking. 40-pin DIP. 


LS7031: DC to 5 MHz six decade up 


counter with 8-decade latch and 
multiplexer, access to LSD latches allows 
attachment of prescalers for counting to 
500 MHz; multiplexed BCD outputs; 
leading zero blanking; inputs CMOS and 
TTL compatible; outputs CMOS 
compatible. 40-pin: DIP. 

LS7055; DC to 250 KHz six decade. 
up/dowr down counter with integral preset, 
presignal, and main signal store; automatic 
or manual preset/reset control; 3 
comparators with output flags; multiplexed 
BCD,:7 segment outputs and blanking 
override; internal oscillator; high noise 
immunity; all inputs CMOS compatible. 
40-pin DIP. | | 

LS7056: Identical, except that it has lamp 
test input instead. of blanking override. 
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SALES REPRESENTATIVES - 


ING. a 
ALABAMA 


B.?. Funderburk, Tn 
8222-101 Creedmoor Rd. 
Raletgh, NC 27612 


er a 846-2373 © 


| ARIZONA ZONA 

J.F. Hurlbut Co. 
4455 E. Camelback Rd. #160 
-- Phoenix, Artzona 85018 

| ——e (602) 952-2079 


| "ARKANSAS 
_Ktte Electronte Sales 
. 121-B South Story 
Irving, Tewtas 75060 
a als (214) 986-0321 


‘CALIFORNIA (( onthe) 
Bue Oo Gro 
28175 Old Santa Cruz Hwy. 
Las Gatos, CA 95030 
Telephone: (408) 978-9155 


CALIFORNIA (Southern) 
Calif. Electronic Mktg. 
1905 E. 17th Street. 

Santa Ana, CA 92701 
Petlephone: (714) 835-2702 


| on are 
Caltf. Electronic Mktg. 

| 7159 Navajo Rd, Suite H- 

San Diego, CA 92119 
- — (619) 268-8911 


Calf. | Electronic Mktg. 
(5067 Fallhaven Lane 
La Canada, CA 91011 

site aad (818) 790-8358 


COLORADO 

U.F. Hurlbut Co. 
622 Gardenia Ct. 
Golden, CO 80401 


Telephone: (303) 279-7796 


_ Lelephone: 


‘CONNECTICUT 


Contt-Younger Assoctates 
12 Blanchard Road 
Burlington, MA 01803 - 
Telephone: (617) 273-1582 


DELAWARE 


Stemler Assoctates 

6707 Whitestone Road 
Baltimore, MD 21207 
Telephone: (301) 944-8262 


FLORIDA 
Standard Marketing — 
Ae Burmes Lake Drive 


‘Tampa, Florida 33612. 
Pelephone: 


(813) 933~- 5833 


GEORGIA _ 

B.f. Funderburk, Inc. 
8222-101 Creednoor Rd. 
Ratetgh, NC 27612 
Telephone: bene 846-2373 


IDAHO © 7 
Electronic Sources, Ine. 
1603 118th Avenue a 


. Sutte 115. 


Bellevue, WA 98004 


Delephone: (206) 451-3500 


ILLINOIS 


Stum Sales 


11019 N. Towne ian Rd. 


Mequon, Wrsconstn 538092 | 


_ Pelephone: (414) 241-8414 


or 


Lowell-Kangas & Assoc. 


5819 Nteman Road — 
Shawnee Mtsston, KS 66203 
(913) 631-3515 


_ Delephone: 


Telephone: 


INDIANA — 


Midstates Marketing 


1122 E. Washington St. 


Sutte 100 
Indianapolis, IN 46202 
Telephone: (317) 639-9999 


IOWA 
Lowell-Kangas & Assoc. 
5819 Nreman Road | 


Shawnee Misston, KS 66203 


Telephone: (913) 631-3515 


KANSAS | 
Lowell-Kangas & Assoc. 
5819 Nreman Road 

Shawnee Misston, KS 66203 
(913) 631-3515 © 


KENTUCKY 

Midstates Marketing 
1122 E. Washington St. 
Suite 100 

Indtanapolts, IN 46202 
$17) 639-9999 


LOUISIANA 
Kite Electronte Sales 


121-8 South Story 


75060 


Irving, Texas | 
(214) 986-0321 © 


Telephone: 


MAINE 

Contt-Younger Assoctates 
12 Blanchard Road | 
Burlington, MA 01803 
Telephone: (617) 273-1582 


MARYLAND 

Stemler Nesdbiaied: 
6707 Whitestone Road 
Baltimore, MD 21207 


Telephone: (801) 944-8262 
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-MASSACRUSEDTS te 
Contt-Younger Assoctates 
12 Blanchard Road 
Burlington, MA 01805 
- Pelephone: (617) 273-1582 


MICHICAN | 

BCL Nordstrom Co. 
P.O. Box 85 

_ Lathrup Village, MI 48076 
_ Telephone: on 559-7575 


MINNESOTA - | 
TLC Electronics , 
(2499 Rice St., Sutte 17 
Roseville, MN 55113 

Te replaeee (612) 483-2226 


MISSISSIPPI 


mae re ee Funderburk, Ino. : oe 


8222-101 Creedmoor Rd. 
Raleigh, NC 27612 | 
_Petlephone: (919) 846-2373 


_ MISSOURI 

Lowell-Kangas & Assoc. 
5819 Nieman Road 
Shawnee Mission, KS 66203 
Telephone: (913) 631-3515 


MONTANA — 

Eleatronta Sources 

(1603 116th Avenue NE 
 Sutte 115: 

Bellevue, WA 98004. 
7 (208) 451-3500 


veer _ | 
owelt-Xangas é Assoc, 

: rrr Nteman Road | 

_ Shasnee Mteston, XS 66203 

Felephone: (913) 631-3515 
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SALES REPRESENTATIVES. ....«+CONPINUED +e+++Page Two 


‘NEVADA ‘ (Northern) 
- Buckaroo Group 


23175 Old Santa Cruz Hwy. | 
Las Gatos, CA 95030 | 
Telephone: (408) 978-9155 


NEVADA (Las Vegas Area) 
Calif. Electronte Mktg. 
1905 East 17th Street. 
Santa Ana, CA 92701 


ierenuenes (714) 835-2702 


‘NEW IEW “HAMPSHIRE 


Contt-Younger Assoctates 
12 Blanchard Road 
Burlington, MA 01803 
Telephone: (617) 273-1582 


NEW JERSEY (Northern) 
Comp-Tech Sales 

208 Boulevard, Suite E 
Hasbrouck Hetghts, NJ 07604 


Telephone: (201) 288-7583 — 


‘NEW JERSEY (Southern) 
Stenter Associates 
P.O. Box 17338 

Cherry Hvll, NJ” 08034 
ee (609) 966-4070 


‘. 
NEW MEXICO 

J.P. Hurlbut Co. 

622 Gardenta Ct. 

Golden, CO 8040] . 
Telephone: (303) 279-7798 


NEW YORK (Brooklyn, Queens 
‘ Wassau and Suffolk) | 


Comp-Tech Sales 


P.O. Bow 237° ——™” 
New Hyde Park, NY 11040 


Telephone: (516) 593-2628 


NEW YORK (No, of Rockland 
— County and ‘No. of Weatehester 


Count d 


R.P.N.. ELECTRICAL ASSOCIATES 


100. Cottonwood Drive 
WilLiqnsvitte, NY 14221 


| Telephone: (716) 881-2121 


NORTH CAROLINA . 


Bef. Funderburk, Ine. 
8222-101 Creednoor Road 


 Ratetgh, NC 27612 


telephone: (919) (846-2373 


t ence 


£LC Electrontes 

2499 Rtoe St., Sutte 17 
Roseville, MN 55113 
d'elephone: ( 612) 483-2226 


OHIO . 


“Midstatea Marketi ing 


1122 E. Washington St.,: 
Sutte 100 
Indtanapolis, IN 468202 


| — (317) 639-9999 


OXLAHOMA 
Xtte Electronie Sales 


1216-8 South. Story 


Irving, Texas 75060 


Delephone: (214) 986-0321 


ORECON 


| Eleatronto Sources Ine. 


1603 116th Aves, NE 
Sutte 115 . 
Ballevue, WA 98004 


| Pelephone: (206) 451-3500 


PENNSYLVANIA 

Stenter Assootates — 
6707 Whitestone Road 
Baltimore, MD 21207 
Telephone: (301) 944-8262 


2 RHODE ISTAND | 

- Conti ae Asacotates. 

_ 12 Blanchard Road 

' Burlington, MA 01808 
ad saa f 61?) 273-1862 


Sour pit > 
BAP. Punderburk, Inc. © 


* 62222101 Creednoor Rd. 
_  Raletgh, NC 27612 


7 Telephone: (919) 846-2875 


SOUTH DAKOTA. 
«PLC Electrontes 
2499 Rice St., Sutte 1? 
Roseville, MN 55113 
| — (612) 483-2226 


_— TRNNESSEE 


BoP. Fuiderburk, Inc. 
8222-101 Creednoor Ra. 
Raletgh, NC 27612 


7 Telephone: (919) 846-2573 ; 


: Kite Kite Electronic Sales 
121-B South Story 
drving, Texas 75060 

| saa (214) 906-0521 


= TEXAS: (BL Paso Count ). ae 


622 Gardenia Ct. . | 
Golden, CO 80401  -_— 
eecaenel (03) 279-7796 


UPAR 


JePe hatbut Co. 
4455 E, -Canelbaok Rd. #7 60 
Phoentz, AZ 685018 | 


| — (801) 595-8818 


VERMONT — 

Contt-Younger Apasciates 
12 Blanchard Road | 
Burlington, MA 01 803 
Telephone: (617) 273-1582 
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VIRGINIA 
Stentler Associates 


' 6707 Whitestone Road . 


Baltimore, MD 21207 — 


_ Telephone: (301) 944-8262 


- WASHINGTON © 


Electronte Sources Inc, 


| - 1603 116th Avenue NE 


Sutte 115. 
Bellevue, WA- 98004 


Telephone: (206) 451-3500 


’ WES? VIRGINIA . 


Stenler Assoctates 
6707 Whitestone Road 
Baltimore, MD 21207 


Telephone: (301) 1 weet 2 


WISCONSIN — 

Saar Wotan: | 
11019 N. Towne ‘$9. Rd. 
Mequon, Wisconsin 53092 — 


Sa al (414) 241-8414 7 


WYOMING 


. Electronta Sources Inc. 
2603 116th Avenue NE 


Sutte 115. 
Bellevue, WA 98004. 


Telephone: (206) 451-3500 - 


"pre reumons oe 
_”  BRECO ELECTRONICS - 
+ 194 NM. Myrtle Avena’. | 
. EBlnhuret, I 60126 
| Spiess (312) $58-1115 


es cm-con “BLECTRONICS Inc. 
49280 Dow Rd., Suite 109 

| Melbourne, FL 32935 
siege eae, Be oder 


" KADAH ASSOCIATES. 

_. ,. 1261 Mertdtan Avenue | 
=" San Jose, CA 95125 

- eet a, 267-3712 


| TORY SALES 
- 208 Boulevard, Suite E 
.. < Hasbrouck Heighte, NJ 07604 
bain aes se 


TRISPAR ; BIECTRONI cs 
8142 South Loop East 
Houston, Texas § 77087 © . 
sae sirens ( a bad-6899 


= RYANTRONICS SALES & IMPORT 
*. 181, Whttmore Road: 

— Untt 13 | aa 
ae Woodbridge, Ontario: ¢ : 
. Danes: Canada Boe ate | 
Pa sa diocoe nal ee 856-2992 | 
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INC. 
RED SERIES shchitabeccidinihlosisi MOS (CMOS) DIVIDER {CIRCUITS 


RED SERIES 
RED 5/6 Divide by 5 or6 
RED 50/60 Divide by 50 or 60 
RED 100/120 Divide by 100 or 120 
RED 300/360 Divide by 300 or 360 
RED 500/600 Divide by 500 or 600 
RED 3000/3600 Divide by 3000 or 3600 
FEATURES: 


¢ Clock input pulse shaper accepts 50 Hz/60 Hz sine wave 


directly 
¢ Fully static counter operation 
¢ +4.5V to +15V operation (VDD - Vss) 
¢ Low power dissipation 
¢ High noise immunity 
« Reset 
- Input Enable 
¢ 50 Hz/60 Hz division select input 
e Quput low power TIL compatible at +4.5V operation. 
¢ All inputs protected. 
¢ Square Wave Output (except for = 5) 


APPLICATION: 


Time base generator from either 50 Hz or 60 Hz line 


frequency to produce: 


10 pulses per second (RED 5/6) 
1 pulse per second (RED 50/60) 
1 pulse per 2 seconds (RED 100/120) 
1 pulse per .1 minute (RED 300/360) 
1 pulse per 10 seconds (RED 500/600) 
1 pulse per minute (RED 3000/3600) 


DESCRIPTION OF OPERATION: 
The counter advances by one on each negative 
transition of the input clock pulse as long as the 
Enable signal is “High’ and the Reset signal is 
“Low”. When the Enable signal is ‘Low’ the input 
clock pulses will be inhibited and the counter will be 
held at the state it was in prior to bringing the Enable 
“Low”. A “High” Reset ane clears the counter to 
zero count. 


Depending on the device used, a ‘‘Low’’ on the Division 
select input will cause a Divide by 6, 60, 120, 360, 600 or 
3600. A ‘‘High’’ on the Division Select will cause a Divide 
by 5, 50, 100, 300, 500 or 3000. 


MAXIMUM RATINGS: 


| Symbol Value 
DC Supply Voltage: VOD +18 to -0.5 
Input Voltage: VIN VDD to Vss 
Oper. Temp. Range: TA -40 to +85 


Storage Temp. Range. Tstg -65 to +150 


Unit 
VDC 
VDC 
oC 
sd & 


Manufacturers of Custom and Standard LSI Circuits 
1235 Walt Whitman Road, Melville, NY 11747 

TWX: (510) 226-7833 
Telephone: (516) 271-0400 


FAX: 516 271 0405 


REVISED NOVEMBER 1985 


OUTPUT Li]e% 
RESET [2| 
(GND) Vss [3] 
NC [4] 


(8 | Vod (+4.5V to +15VDC) 
DIVISION SELECT 
|6 | ENABLE 

15} CLOCK INPUT 


x009€ G34d 


TOP VIEW 


STANDARD 
8 PIN PLASTIC DIP 


*Marking as follows: 


PART MARKING 
RED 5/6 RED 6 
RED 50/60 RED 60 
RED 100/120 RED 120 
RED 300/360 RED 360 
RED 500/600 RED 600 
RED 3000/3600 RED 3600 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


ELECTRICAL CHARACTERISTICS: (TA = 25° unless otherwise specified) 


TEST CONDITIONS: Vss = OV 
Output Capacitance Load = 15 pF 


eee Input Capacitance: (Any Input) 5 pF 
eee Fall times =20 ns, except clock Rise and Clock Rise.and Fall Tine: 5V No Maximum Limit 
10V. No Maximum Limit 
Voo Min Max Units Clock Frequency: PY “i on ie 
: . , Z 
Quiescent Device Current: By Ne a Input Clock Pulse Width: BY 200 | Ne 
‘ ns 
PUIDAEYOA OR OW EEVEN ay ae Vai Output Rise and Fall Time: ay | cee ns 
. . ; ns 
miomeevel ay ee oe Propagation Delay to Output: 5V 1500 ns 
Clock Input Voltage, Low Level 5V 1 Volts seat 10V 750 ns 
10V y) Volts Enable Set-up Time: PY sh ns 
; ns 
ae Gave a5 wah Reset Pulse Width: BY 800 ns 
: ‘ ; ns 
ie cree bextapt crcl): ay 7 veh Reset Removal Time: 5V 1200 ns 
Output Drive Current: aacete aniers 10V 600 ns 
Full -N Channel Sink Current: 4.5V 0.18 mA enn BV 1400 ns 
Temp. | (Vout = Vss + .4V) 10V 0.45 mA to Output: iV 700 
Range us 
P Channel Source Current: 45V 0.3 mA 
(Vout = Vop - 1V) 10V 0.75 mA 
ENABLE SIGNAL TIMING CONSIDERATION 
If the Enable signal switches Low during a positive clock phase and then switches High during a negative clock phase, a 
false count will be registered. 
To prevent this from happening, the Enable signal should not switch Low during a positive clock phase unless the switch to 
High also occurs during a positive clock phase. The Enable signal should normally be switched during a negative clock phase. 
TYPICAL CLOCK INPUT 
If input signals are less than Vg or greater than Vop, a series 
input resistor, R1, should be used to limit the maximum 
input current to 2 milliamperes. 
os eats gan tes Se as, So tage i ee et a eet E E 
PULSE SHAPER | INPUT CLOCK GENERATOR : 
3 : ENABLE [6] 
| | at 
| | | RESET ee * 
CLIN [5] | a [2] 
| : DIVISION SELECT [7] L >O———_—_—_——» D5 
| : | +4.5 to +15 VDC-{8} vp 
ee ee, ee J GND —{3}- vss 
N/c —{a] 


RED 5/6, 50/60, 300/360, 3000/3600 


ie ‘io D5/6 
: [1] os0/60 
cL 3 BIT ms 3 BIT 3BIT 5 BIT 
JOHNSON Fa JOHNSON &L JOHNSON | fay | JOHNSON : 3000/3600 
a +5/6 L =10 2 =6 3 =10 oO 


0) 300/360 


5 BIT 
JOHNSON cL, JOHNSON ram 
+10 


[1] 100/120 


ia D500/600 


3 BIT 5 BIT 5 BIT 
JOHNSON ae JOHNSON 
+ 5/6 nee — +10 


2 Manufacturers of Custom and Standard LSI Circuits 

= Le 1235 Walt Whitman Road, Melville, NY 11747 
TWX: (510) 226-7833 FAX: 516 271 0405 
Telephone: (516) 271-0400 


RDD104 SELECTABLE 4 DECADE CMOS DIVIDER 


REVISED OCTOBER 1985 


FEATURES: 


@ Selectable Divide by 10, 100, 1000 or 10,000 

® Clock Input Shaping Network Accepts Fast or Slow Edge Inputs 
Active Oscillator Network for External Crystal 

Square Wave Output 

Output TTL Compatible at +4.5 Volt Operation 

High Noise Immunity 

Reset ° 

All Inputs Protected 

+4.5 to +15 Volt Operation 

Low Power Dissipation 


DESCRIPTION OF OPERATION: 

The RDD104 is a monolithic CMOS (Complementary MOS) 
four decade divider circuit that advances on each negative 
transition of the input clock pulse. When the reset input 
is high the circuit is cleared to zero. The clock input is 


applied to a three stage amplifier network whose output A EN ve: 


PARAMETER SYMBOL VALUE UNITS 
is brought out so that an external crystal network can be 65 to +150 Oc 
used to form an oscillator circuit. If the clock output is Storage Temperature Tstg e 
ae Operating Temperature Ta —40 to +85 0¢ 
not used, the amplifier acts as an input buffer. Two select y 
inputs are provided which enables the circuit to divide by 10, DC Supply Voltage Vpp +18 to -0.5 DC 
The divider range is selected according to the following truth D.C. ELECTRICAL CHARACTERISTICS: 
table: (Vgg = 0 Volts, C Load = 50pF) Input rise and fall times = 20ns except for clock 
DIVIDER SELECT INPUTS OUTPUT DIVISION Vpp TEMPERATURE (°C) ~—UUNITS 
SELECT 2 (Pin 2) SELECT 1 (Pin 1) —40 +25 +85 
0 0 10,000 Quiescent Device Current 45v 10 10 300 wA Max 
0 1 1,000 10V = 20 20 600 pA Max 
1 0 100 
1 1 10 Output Voltage, Low Level 45V .01 01 05 VMin 
| 10V. 01 01 05 V Min 


Pin Connections RDD104: High Level 45V 4.49 449 445 V Max 


10V 9.99 9.99 9.95 V Max 


se PB] VDD (+4.5 to +15VDC) 
Divid Input Noise Immunity 4.5V 1.3 1.3 1.3. V Min 
ivider . 
Select-2 Output (Low and High) 10V 3.0 3.0 3.0 VMin 
mong VSI) [6 J Clock Output Output Drive Current 4.5V 2.3 1.9 1.6 mA Min 
Reset [4_ [5] Clock Input srg an aa lov 5.0 40 3.5 mA Min 
P Channel Source Current 45V 1.1 95 8 mA Min 
(Vout = Vpp — 1V) WV 25 892.1 1.8 mAMin 
TOP VIEW | 
Standard 8 Pin Plastic Mini-DIP Input Capacitance (any input) 5.0 pF Max 


Figure 1. 


DYNAMIC ELECTRICAL CHARACTERISTICS: Minimum Part Oscillator Circuit 


(C Load = 50pF, Input Rise and Fall Times = 20ns Except for Clock) Pin 
Vpp MIN TYP MAX Units 
Clock Input Frequency 4.5V DC 1.5 MHz a 10MQ 
10V DC 4.0 MHz 
| 15V DC 6.0 MHz 
Clock Input Rise and Fall Times 4.5 to 15V No Limit ae 
Clock Output Rise and Fall | Figure 2 
Time CL=15pF 4.5V | 140 ns 
10 70 ns |‘ Typical Oscillator Circuit 1 MHz and Below with Trim 
Pin5 
Clock Output Propagation 
Delay CL=15pF 4.5V 300 ns 100pF 
10V 150 ns 
Output Rise & Fall Times 4,5V 400 ns 
10V 200 ns 40pF 
Propagation Delay to Output 4.5V | 1500 ns 
10V 750 ns : 
| Figure 3 
Reset Pulse Width 4.5V 800 ns Typical Oscillator Circuit Above 1 MHz with Trim 
10V 400 ns 
Pin 5 
Reset Removal Time 4.5V | 500 ns 
10V 250 ns 


Reset Propagation Delay 


to Output 4.5V 1400 ns 
10V 700 ns 
Select Input Setup Time 4.5V 800 ns 
10V 400 ns 
Figure 4 
en re 
Ry 0 Ae Re TYPICAL INPUT 
aes Ras y| If input signals are less than Vgg or greater than V pp, a series 
SIGNAL PIN 5 input resistor, R1, should be used to limit the maximum input 


CLOCK INPUT current to 2 milliamperes. 


Figure 5 L_ 


ee 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


CLOCK 
Voo 8 | +5 to +15VDC 


OSCILLATOR 
EXTERNAL 
COMPONENTS 


CLOCK 
RESET OUTPUT 
INPUT 
DIVIDER SELECT 
INPUT 1 on ; urren | OUTPUT 
eee pecoveR [OO ania orze cine 


Figure 6 RDD104 BLOCK DIAGRAM 


LS73404 


HIGH QUALITY MELODY CIRCUITS 


FEATURES: 

e Excellent Pitch Resolution 

e Chime-like exponential envelope decay of each note 
e Large ROM, 255 note capacity 

e Wide variety of available fonts 

e Mask programmable melody fonts 

e Single or multiple melody capacity 

e Auto-turn-off at end of play 

e 4.5V to 15 Volt operation 

e Low standby current 

e Direct drive of PIEZO transducers 

e External drive of 88 dynamic speakers. 


GENERAL DESCRIPTION: 


The LS3404 Series are monolithic, lon implanted MOS circuits 
designed for the generation of music. The circuit is mask 
programmable and can hold 255 notes in prom. 


The note pitch has an 0.8% resolution for notes up to 2KHZ 
and 1.3% resolution for notes up to 3KHZ. The note duration 
ranges from 125 milliseconds for a 1/16th note to 2.0 seconds 
for a full note. This is equivalent to 120 beats per minute. 


The duration counter allows for 8 note durations out of a 
possible 16 durations to be programmed in each font. 


The pitch counter allows for 15 different pitches out of a 
possible 511 pitches to be programmed in each font. 


The pitch counter output is conditioned by an external R/C 
envelope to provide proper envelope decay and applied to 
a pair of operational amplifiers which drive a piezoelectric 
speaker in a push-pull configuration. (See Fig. 2). Only one 
Output is used for driving an external transistor/dynamic 
Speaker combination in a single ended configuration. (See 
Fig. 3) 


LSI/CSI 


CONNECTION DIAGRAM 
standard 8 Pin Plastic Mini-DIP 
SP-1 [1] & 
SP-2 
RCEN 
RCSS [4 


8] POR 

[7] VSS (+) 
6] VOD (-) 
TS] RCHS 


Figure 1 


The exponential decay envelope imposed on each note 
accounts for the uniquely realistic quality of sound exhibited 
by the LS3404 series of circuits. 


Upon application of supply VSS, the chip will start to play 
after a small time delay caused by power on reset. Play will 
be terminated either by the VSS being removed or completion 
of the entire play. When being terminated by End of Play 
(EOP), the circuit will continue to consume power at a reduced 
rate. 


The information included herein is believed to be 
accurate and reliable. However, LSI Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 


any infringements of patent rights of others which may 
result from its use. 


14-1 


PiNPUT/ | 
| ourpuT | 


| SP-1, SP-2 


RCEN 


| RCSS 


DESCRIPTION 


Push-pull outputs for driving Piezoelectric Capacitive type speaker. Typical speaker has a 27MM 


| diameter with equivalent capacitance of approximately 20,000 PF. 


R-C envelope input. External resistance-capacitance network for controlling the output envelope. 

R-C network for internal duration clock oscillator. The duration clock along with an internally programmed | 
counter determines the time duration of each note. The resistance is connected to the negative supply { 
(VDD) and the capacitance is conencted to the positive supply (VSS). 


R-C network for internal pitch clock oscillator. The pitch clock generates the audio frequency output! 


| utilizing an internally programmed counter. 


| Negative voltage supply 


| Positive voltage supply 


| Power-on-reset-external capacitor used for initializing circuit at the application of power. 


100 
O1nF pf 15K 


op 
ey 


9 VOLTS 
LS3404 
| LF 
2 
ApF 
| 3.3 MEG pages 
FIGURE 2 


Typical Piezoelectric capacitance type speaker connection diagram. 


LSI/CSI LS$3404 


Absolute maximum ratings (all voltages referenced to VDD) 


DC supply voltage 
Voltage (any pin) 
Operating Temperature 


Storage Temperature 


ELECTRICAL CHARACTERISTICS 


PAROMETER SYMBOL 
supply Voltage Vss 
Standby current Iss 


At end of play 
Average operating 
current including © 
Piezoelectric 
speaker 


Pitch clock frequency 
Duration clock frequency 
Duration clock 
frequency range 


Envelope Resistance 


Envelope Capacitance 
Minimum POR Capacitance 


Speaker output peak to peak 
voltage 


Tracking of output 
to the envelope 


Composite output 


Peak to peak 
voltage 


LS$3404 


MIN 


N 


45 


425 


SYMBOL 
VSS 
VIN 
TA 
Tstg 


TYPICAL 


900 


3.3 


MAX 


15 


15 
20 


9/5 


30 


+.4 
+.4 


LSI/CS! 


VALUE UNIT 
+ 18 Volts 
0 to VSS+ .3 Volts 
0 to +/0 °C 
-65 to +150 °C 
UNITS CONDITION 
Volts 
Microamperes VSS=6 volts {| Duration Clock 
Microamperes VSS=10 volts| Resistor =2.2Meg 2 
Milliamperes VSS=6 VDC 
Milliamperes VSS=9 VDC 


KHZ R=19KQ 


C=100 pF 
HZ R=2.2 Meg 2 
C=.1pF 
HZ 
MEG Q 
pF 
pF 
Volts Vss=6volts { pitch frequency 
Volts Vss=10volts = 1KHZ 
Volts Vss=6 volts 
Volts Vss=10 volts 
Volts Vss=6 volts 
Volts Vss=10 Volts 


14-3 


3404-02 


| 3404-03 


3404-04 
3404-05 
3404-08 
3404-09 
3404-10 
3404-11 
3404-12 
3404-14 
3404-15 
3404-16 
3404-17 
3404-18 
3404-19 
3404-20 


[FONT WO] SONG 


Christmas Medley 
‘Somewhere My Love’’ 

‘As Time Goes By’ 

“Let Me Call You Sweetheart’ 
“?’'m In The Mood For Love’’ 


‘Wedding March’ 
‘Happy Birthday 1’’ 


_““Zip-A-Dee-Doo-Dah’’ 


‘“Brahm’s Lullabye’ 

‘‘Santa Claus Is Coming To Town’’ 
Christmas Angel Medley 

‘‘We Wish You A Merry Christmas’”’ 
‘Walking In A Winter Wonderland’’ 
“Jingle Bells’’ 

“Joy To The World’ 

‘Love Makes The World Go Round’’ 


TABLE | 


3404-21 


| 3404-22 | 


3404-23 
3404-24 
3404-25 
3404-26 
3404-27 
3404-28 
3404-29 
3404-30 
3404-31 
3404-32 
3404-33 
3404-34 
3404-35 


‘“‘My Favorite Things’’ 

‘‘What The World Needs Now’’ 
‘Vd Do Anything’ 

‘Hail To The Chief’’ 

‘Thanks For The Memories’’ 
“Gonna Fly Now’’ (Rocky) 
‘‘Lazy Crazy Hazy Days of Summer’ 
‘For He’s A Jolly Good Fellow’ 
‘Pomp & Circumstance’’ 
‘‘More’’ 

‘Ain't She Sweet’’ 


‘You Are The Sunshine Of My Life’’ 


Nursery Rhyme Medley 
“Happy Birthday II’ 
Brahms/Mozart Lullabye Medley 


Listing of the 31 Presently Available Melodies 


8 Gi 
J LS3404 


2N2222 


100 MW 
SPEAKER 


FIGURE 3 


Typical 8 Ohm speaker connection. In this configuration 
only SP-1 is used to drive the external 8 ohm speaker in 
a single ended mode. Resistor R; is used as a volume 
control and can be omitted for maximum volume. 


LSI/CSI LS$3404 


LSI/CSI 


L$7030 


EIGHT DECADE MULTIPLEXED MOS UP COUNTER 


FEATURES: 


e DC to 5MHz Count Frequency 

e Multiplexed BCD and 7 Segment Outputs 

e DC to 500 KHz Scan Frequency 

@ Single Power Supply Operation, +4.75VDC to + 15VDC 
© Compatible with CMOS Logic 

@ High Input Noise Immunity 

e Counter Output Latches 

e Leading Zero Blanking 

@ Low Power Dissipation 

@ All Inputs Protected 


DESCRIPTION: 


The LS7030 is a monolithic, ion implanted, 8 decade 
up counter. The circuit includes latches, multiplexer, leading 
zero blanking, BCD and 7 segment data outputs. 


OPERATING DESCRIPTION: 
8 DECADE UP COUNTER 


The eight decade ripple through counter increments on the 
negative edge of the input count pulse. Maximum ripple time 
is 12 ws (99999999 to 00000000). Maximum count 
frequency is 5MHz. 


RESET 


All decades are reset to zero when Reset input is brought low 
for minimum of 4 ys. The Overflow flip flop is reset at the 
same time. Reset must be high for a minimum of 1 ys before 
next valid count can be recorded. 


LATCHES 


Contents of counter are transferred to latches when Load 
Signal is brought low for a minimum of 4 ws and kept low 
until a minimum of 12 ys has elapsed from previous negative 
edge of count pulse (ripple time). Storage of valid data 
occurs when Load signal is high for a minimum of 1 ys 
before next negative edge of count pulse or reset. Data is 
transferred from Overflow flip- yop to Overflow latch at the 
same time. 


MARCH 1988 
CONNECTION DIAGRAM: 
scan Reset Input 1 Osc. Input 
MSD Strobe 8 y) scan Input 
strobe 7 3 Lamp Test Input 
or) ames BE 
STROBE Strobe 4 : NC Segment 
OUTPUTS Strobe 3 : os Outputs 
strobe 2 8 d 
LSD Strobe 1 9 Count Input 
Decimal Point Input e 
Blank Output i } are 
Overflow Output g 


Test Count Input, Digits 3-> 8 


Overflow Input 
VSS 


Decade 8 Output, D8 


Decade 7 Output, D7 VGG 
Decade 6 Output, D6 NC. 
B8 N.C. 
BCD Bd VDD_ 
Data B2 Reset Counter Input 
Outputs BI Load Latch Input 


TOP VIEW 


NOTE 


Package Date Codes starting with ‘‘88’’ have a revised chip with higher count 
frequency specifications. These improved specifications occur under DYNAMIC 
ELECTRICAL CHARACTERISTICS as follows: 


PARAMETER SYMBOL MIN MAX 
Count and Test Count Frequency 
(VSS = + SV + 5%) 
(VSS = + 10V) 
(VSS = + 15V) 
Count Pulse Width 
(VSS = + 5V + 5% Tcpw 66 ns 
(VSS = + 10V) Tcpw 83 ns 
(VSS = + 15V) Tcpw 100 ns 


UNITS 


Fe, Ftc DC 7.5 MHz 
Fc, Ftc DC 6 MHz 
Fc, Ftc DC 5 MHZ 


A selected LS7030-1 offers even higher frequency operation where Fc, Ftc operate 
at 10 MHz (VSS = +5V +5%), 7.5 MHz (VSS = + 10V), and 6MHz (VSS = 
+15V) with corresponding changes in Count Pulse Width Specifications. 


The only other specification change for the revised chip occurs under SCAN 
OSCILLATOR as follows: 


CAPACITANCE 


TYPICAL OSCILLATOR FREQUENCY 


4.75V 

v0pf 40.0 KHz 

100pf 22.2 KHz 

470pf 9.0 KHz 

750pf 3.3 KHz 
1.3 


2000pf .3 KHz 


SCAN OSCILLATOR AND COUNTER 


The scan counter is driven. by an internal oscillator whose 
frequency is determined by a capacitor connected between 
Oscillator input and Scan input. An external scan clock 
applied to Scan input can also drive the scan counter. Scan 
counter advances on negative edge of scan clock. 

The counter scans from MSD to LSD. When Scan Reset 
input is brought high the. scan counter is forced to MSD 
state. Internal synchronization guarantees proper scanning 
no matter when Scan Reset is brought low relative to scan 
clock. Maximum scan frequency is 500 KHz. 


DIGIT STROBES 


Timing of Digit Strobes is arranged such that both edges of 
strobe are guardbanded by a minimum 400 ns within valid 
BCD data when scan frequency is 100 KHz or less. The 
guardband is a minimum of 200 ns at 250 KHz scan 
frequency. At 500 KHz only negative edge of Strobe is 
guaranteed to be within valid BCD data by a minimum 
200 ns. 


DECIMAL POINT 


A high at the Decimal Point input resets the Blanking Flip Flop 
Causing the display to unblank. Decimal Point should be 
brought high at start of digit time which has active Decimal 
Point. 


OVERFLOW 


The Overflow flip flop sets on the first negative transition of 
the Overflow Input and remains set until Reset is brought low. 
Data is transferred from Overflow flip flop to Overflow Latch 
when Load is brought low. A high at the Overflow Latch 
causes display to unblank. Overflow Output is output of 
Overflow Latch. MSB outputs of Decades 6, 7, 8 are available 
for use as Overflow Input. | 


BLANKING 


Leading zero blanking is employed. At start of each MSD to 
LSD scan, display is blanked until a nonzero digit or active 
decimal point is encountered. Display unblanks during LSD 
time and for a whole scan when Overflow output is high. 
When Scan Reset is applied, display blanks to prevent 
display damage. 


Blanking information is available at Blank output and is 
incorporated into 7 segment information. 


BCD AND 7 SEGMENT DATA 


Data is available in BCD and 7 segment format. BCD data can 
readily be demultiplexed using Digit Strobes as latch enable 
signals. 


POWER SUPPLIES 


+4.75 volts to +15 volts single power supply operation is 
obtained when VGG and VDD are tied together. Inputs and 
outputs are CMOS compatible and Minimum Input Noise 
Immunity of 25% of power supply is guaranteed except for 
Test Count Input. (Inputs are TTL compatible at +4.75 volt to 
+5.25 operation.) | 


With VGG at —12V, VDD at OV and VSS at +5V all inputs are 
TTL and CMOS compatible. All outputs are CMOS compatible 
and BCD and BLANK outputs also provide standard TTL 
compatibility. In addition, Overflow Output is low power 
TTL compatible. | . 

In either mode outputs swing between VDD and VSS. 


MAXIMUM RATINGS: 


PARAMETER SYMBOL VALUE UNITS 
Storage Temperature Tstg —65 to +150 °C 
Operating Temperature Ta —25 to +70 °C 
Voltage (any pin to VSS) Vmax —30 to +0.5 V 


DC ELECTRICAL CHARACTERISTICS: 


(VDD = VGG = OV, VSS = +4.75 to +15V, —25°C < Ta < +70°C unless 
otherwise specified. ) 


PARAMETER SYMBOL MIN MAX UNITS 


Operating Supply Current _Idds 15 mA 

(@ Fc=5MHz) 

Input Noise Immunity 

Low and High Vni 25% V 

(VSS-VDD) 
Test Count Input Vil VSS-20 VSS-3.95 V 
Vih  VSS-1.0 VSS V 

a a D8 \ Output Voltage ‘‘0”’ Vol +0.2 V 
Blank Output Voltage ‘‘1"’ Voh VSS-1.0 V 


(See Note 1) Output Voltage “0” 


(sinking 10 uA) Vol +0.5 V 
Output Current ‘‘1” 
segment | 
and A 
uate VSS=+4.75 (Voh=VSS—0.5V) 0.05 m 
(Voh=VSS—1V) 0.25 mA 
Outputs (Voh=VSS—4V) 0.90 mA 
(See Note 2) 
VSS=+10V (Voh=VSS—2V) 2.0 mA 
(Voh=VSS—3V) 3.0 mA 
VSS=+15V (Voh=VSS—2V) 3.0 mA 
(Voh=VSS—3V) 4.5 ~ mA 


Note 1: Current Sink= Same as segment and strobe outputs. 
Current Source= N/A at Voh= VSS—.5V for VSS =+4.75V 
35yA at Voh = VSS—1V for VSS = +4.75V 
40% of segment and strobe outputs at all 
other specified operating points. 
Note 2: Limit segment current to 4.5mA maximum. 
Limit strobe current to 6mA maximum. 


oe 


Note: The following inputs have internal pull down resistors to VDD with 
maximum sink current of 5uA at VSS input. 


Scan Reset Test Count 
Decimal Point Count 
Overflow Lamp Test 


DYNAMIC ELECTRICAL CHARACTERISTICS: 


(VDD=VGG=OV, VSS=+4.75 to+15V, —25°C <Ta < +70°C unless 


otherwise specified.) 


PARAMETER SYMBOL MIN MAX 
Count and Test Fe, Ftc DC 5 
Count Frequency 
Scan Frequency FSC DC 500 
Count Pulse Width Tcpw 100 
Count Ripple Time Ter 12 
Coad Pulse Width Tlpw 4 
Load Removal Time Tir 1 
Reset Pulse Width Trpw 4 
Reset Removal Time Trr 1 
Rise and Fall Time 
Count Pulse Trfc 4 
Reset Pulse Trfr 4 
Test Count Pulse Tritc 80 
* Strobe Guard Band Time Tgb 400 
(Fsc £100 kHz) 
* Strobe Guard Band Time Tgb 200 
(100 kHz <Fsc <250 kHz) 
* Strobe Guard Band Time Tgb 200 
(250 kHz <Fsc < 500 kHz) 


negative edge only 


*Defines the minimum time from strobe edges to switching 


Guardbanded Strobe 


BCD 


Tgb Ke > Tgb 


strobe 


Seven Segment Font 


UNITS 
MHz 


KHz 
ns 


us 
us 


ns 


BCD data. 


Uleaooe las 


SCAN OSCILLATOR: 


CAPACITANCE TYPICAL OSCILLATOR FREQUENC 


4.75V 10V 15V 
Opt 72.8KHz 69.6KHz 76.0KHz 
100 pf 48.0KHz 45.6KHz 48 .0KHz 
470pf 12.0KHz 12.0KHz 14.4KHz 
750 pf 9.6KHz 8.8KHz 10.4KHz 


TTL COMPATIBLE OUTPUTS: 


VSS=+5V 15% 
VDD=OV 
VGG=—-12V £5% 


"4" level 2 VSS—.5V | BLANK AND 


Power Supplies: 


Output Levels: 
(sourcing 100 pA) BCD DATA 


‘Q”’ level < 0.4V 
(sinking 1.6mA) OUTPUTS 


OVERFLOW 


(sourcing 402A) 
OUTPUT 


“0” level< 0.4V 


1” level => VSS—.5V 
(sinking .18mA) 


All other outputs as specified for single power supply, VSS = 
+15V, operation. Inputs as specified for single power 
supply, VSS = +5V £5% operation. 


PACKAGE DIAGRAM: 


-075 RAD. 


.070 +.002 
_-000 


-025 .150 +.003 
np. Sr 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 


inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. . 
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SCAN RESET INPUT vss 
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ON0000000 @ eS) 
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BLANKING 


F/F LAMP TEST INPUT 
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LS7030 OUTPUT 
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6 DECADE MOS UP COUNTER WITH 8 DECADE LATCH AND MULTIPLEXER 


Revised March 1988 


FEATURES: 


DC to 7.5MHz Count Frequency 

Multiplexed BCD Outputs 

DC to 500KHz Scan Frequency 

Ability to Latch External BCD Data in the Two LSD Positions 
Leading Zero Blanking with Decimal Point and Overflow Controls 
Single Power Supply Operation, +4.75VDC to +15VDC 
Compatible with CMOS Logic 

High Input Noise Immunity — 

Low Power Dissipation 

All Inputs Protected 


DESCRIPTION: 

The LS7031 is a monolithic, ion implanted MOS 6 decade up 
counter. The circuit includes latches, multiplexer, leading zero 
blanking and BCD data outputs. 


DESCRIPTION OF OPERATION: | 


CLOCK GENERATOR: 


The clock for the six decade counter (digit positions 3-8) is formed 
from the internal ‘OR’ combination of B4/D2 and B8/D2 if LS7031 is 
used with external prescaling counters. When opérated in this 
fashion the maximum allowable propagation delay between B4/D2 
(H—L) and B8/D2 (L—H), measured at VSS-1.0V, is 10ns. If used as 
a Straight six decade counter, clock pulses may be applied to inputs 
B4/D2 or B8/D2 with the unused input held low. In either mode of 
operation total pulse width must be minimum 62 ns. See Block 
Diagram. 


6 DECADE UP COUNTER 


The six decade ripple through counter increments on the negative 
edge of the internal clock. Maximum ripple time is 12us (999999 to 
000000). Maximum count frequency is 7.5MHz. 


RESET 


All 6 counter decades are reset to zero when Reset is brought low for 


minimum of 4us. The Overflow flip flop is reset at the same time. 
Reset must be high for a minimum of 1s before next valid count can 
be recorded. 


LATCHES 


8 decades of latch are provided, two for storage of the two external 
least significant decade counters and the remaining 6 for internal 
counter outputs. All latches are loaded when Load signal is brought 


CONNECTION DIAGRAM: 


scan Reset Input [| 4 Osc. Input 
MSD Strobe 8 y) scan Input 
Strobe 7 3 N.C. 
Strobe 6 4 B1/D1 
ae Strobe 5 5 B2/D1§ Input to 
OUTPUTS strobe 4 6 N.C. Decade 1 
Strobe 3 7 B4/D1@ Latch 
Strobe 2 g B8/D1 
LSD Strobe 1 9 NC 


Decimal Point Input B1/D2 Input to 


Blank Output B2/D2 \ Decade 2 
Overflow Output B4/D2 (Latch 
Overflow Input B8/D2 
Decade 8 Output. D8 VSS 
Decade 7 Output. D7 VGG 
Decade 6 Output. D6 N.C. 
B8 N.C. 
BCD BA VDD (Gnd) 
oe B2 Reset Counter Input 
Outputs Bt Load Latch Input 


TOP VIEW 


NOTE 


The LS7031-1 is a selected higher count frequency version of the LS/031. The 
specification differences occur under DYNAMIC ELECTRICAL CHARACTERISTICS 
as follows: 


PARAMETER MAX UNITS 
Count Frequency 
(VSS = + 5V + 5%) MHz 
(VSS = + 10V) . MHz 
(VSS = + 15V) MHZ 


Count Pulse Width 
(Pulse applied to B4/D2 
or B8/D2; ‘OR’ combination of 
B4/D2 and B8/D2) 


(VSS = + 5V + 5% 
(VSS = + 10V) 
(VSS = + 15V) 


Other specifications are unchanged. 


low for a minimum of 4 ys and kept low until a minimum of 12 ws 
has elapsed from previous negative edge of count pulse (ripple time). 
Storage of valid data occurs when Load signal is high for a minimum 
of 1 ws before next negative edge of count pulse or reset. Data is 
transferred from Overflow flip flop to Overflow latch at the same time. 


SCAN OSCILLATOR AND COUNTER 


The scan counter is driven by an internal oscillator whose frequency 
is determined by a capacitor connected between Oscillator input and 
Scan input. An external scan clock applied to Scan input can also 
drive the scan counter. Scan counter advances on negative edge of 
scan Clock. 


The counter scans from MSD to LSD. When Scan Reset input is 
brought high the scan counter is forced to MSD state. Internal 
synchronization guarantees proper scanning no matter when Scan 
Reset is brought low relative to scan clock. Maximum scan 
frequency is 500 kHz. 


DIGIT STROBES 


Timing of Digit Strobes is arranged such that both edges of strobe 
are guardbanded by a minimum 400 ns within valid BCD data when 
scan frequency is 100 kHz or less. The guardband is a minimum of 
200 ns at 250 kHz scan frequency. At 500 kHz only negative edge of 
Strobe is guaranteed to be within valid BCD data by a minimum 
200 ns. 


DECIMAL POINT: 


A high at the Decimal Point input resets the Blanking Flip Flop 
Causing the display to unblank. Decimal Point should be brought 
high at start of digit time which has active Decimal Point. 


OVERFLOW 


The Overflow flip flop sets on the first negative transition of the 
Overflow Input and remains set until Reset is brought low. Data is 
transferred from Overflow flip flop to Overflow Latch when Load is 
brought low. A high at the Overflow latch causes display to unblank. 
Overflow Output is output of Overflow Latch. MSB outputs of Decades 
6, 7, 8 are available for use as Overflow Input. 


BLANKING 


Leading zero blanking is employed. At start of each MSD to LSD 
scan, display is blanked until a non Zero digit or active decimal point 
is encountered. Display unblanks during LSD time and whenever 
Overflow output is high. When Scan Reset is applied, display blanks 
to prevent display damage. 


Blanking information is available at Blank output. 


BCD DATA 


Data is available in multiplexed BCD format. BCD data can readily be 
demultiplexed using Digit Strobes as latch enable signals. 


POWER SUPPLIES 


+4.75 volt to +15 volt single power supply operation is obtained 
when VGG and VDD are tied together. Inputs and outputs are CMOS 
compatible. Minimum Input Noise Immunity of 25% of Power Supply 
is guaranteed for all inputs except Decade 1 and Decade 2 inputs (all 
inputs are TTL compatible at +4.75 volt to +5.25 volt operation.) 


With VGG at —12V, VDD at OV and VSS at +5V all inputs are TTL 
and CMOS compatible. All outputs are CMOS compatible, and BCD 
and Blank outputs also provide standard TTL compatibility. In 
addition, Overflow Output is low power TTL compatible. 


In either mode outputs swing between VDD and VSS. 


MAXIMUM RATINGS: | 
VALUE UNITS 


PARAMETER SYMBOL UNIS. 
Storage Temperature Tstg — —65 to +150 °C 
Operating Temperature Ta ~25 to +70 eC 
Voltage (any pin to VSS) Vmax ~30 to +0.5 V 


DC ELECTRICAL CHARACTERISTICS: 


(VDD=VGG=OV, VSS= +4.75 to +15V, —25°C < Ta < +70°C unless 
otherwise specified. ) 


PARAMETER SYMBOL MIN MAX UNITS | 
Operating Supply Current dds 15 mA 
(@ Fc=7.5 MHz) 
Input Noise Immunity 
Low and High Vni 25% V 
(VSS-VDD) 
a a AL \ Input Voltage “0” Vil — VSS-20 VSS-3.95  V 
INPUTS Input Voltage °‘1 Vih_  V&§S-1.0 VSS V 
D6,D7,D8, { Output Voltage “0” Vol +0.2 V 
OF, BCD, eget 
BLANK Output Voltage ‘‘1 Voh VSS-1.0 V 
(See Note 1) 
Output Voltage ‘‘0"’ Vol +0.5 V 
(sinking 10 uA) 
Output Current °'1"’ 
VSS = +4.75V (Voh = VSS—0.5V) 0.05 mA 
(Voh=VSS—1V) 0.25 mA 
STROBE (Voh=VSS-4V) 9.90 mA 
OUTPUTS 
(See Note 2) VSS=+10V (Voh = VSS—2V) 2.0 mA 
(Voh=VSS—3V) 3.0 mA 
VSS=+15V (Voh= VSS—2V) 3.0 mA 
(Voh= VSS—3V) 45 mA 
Note 1: Current Sink = Same as strobe outputs. 
Current Source= N/A at Voh = VSS—.5 for VSS = +4.75V 
35uA at Voh = VSS—1V for VSS = +4.75V 
40% of strobe outputs at all other specified 
Operating points. 
Note 2: Limit strobe current to 6MA maximum. 


Note: The following inputs have internal pull down resistors to 
VDD with maximum sink current of5 A, when the inputis at VSS. 


Scan Reset B1/D1 B1/D2 
Decimal Point B2/D1 B2/D2 
Overflow B4/D1 B4/D2 

B8/D1 B8/D2 


TTL COMPATIBLE OUTPUTS: 

Power Supplies: 

VGG=—12V5%. VDD=OV, VSS=+5V £5% 
Output Levels: | 

Output ‘‘One’’ => VSS—.5V (sourcing 100 A) 
Output ‘‘Zero”’ < 0.4V (sinking 1.6mA) 

Output ‘One’ >VSS—.5V —_— (sourcing 40 A) 
Output ‘Zero’ < 0.4V (sinking, .18mA) 


\ BLANK AND BCD DATA OUTPUT 


' OVERFLOW OUTPUT 


All other outputs as specified for single power supply, VSS = +15V, operation. Inputs 


as specified for single power supply, VSS = +5V £5% operation. 


DYNAMIC ELECTRICAL CHARACTERISTICS: 


(VDD = VGG = OV, VSS = +4.75 to +15V, —25°C< Ta < +70°C unless 


otherwise specified. ) 


PARAMETER SYMBOL MIN MAX 
Count Frequency 
(VSS = + 5V + 5%) Fe DC 7.5 
(VSS = + 10V) Fe DC 6 
(VSS = + 15V) Fe DC 5 
Scan Frequency Fsc DC 500 


Count Pulse Width 
((Pulse applied to B4/D2 
or B8/D2; ‘OR’ combination of 
B4/D2 and B8/D2) 


(VSS = + 5V + 5% Tcpw 62 
(VSS = + 10V) Tcpw 83 
(VSS = + 15V) Tcpw 100 
** Propagation Delay Tpr Overlap 10 


(B4/D2(H-L)toB8/D2 
(L-H)at VSS-1.0V) 


Count Ripple Time Ter 12 
Load Pulse Width Tlpw 4 
Load Removal Time Tir 1 
Reset Pulse Width Trpw 4 
Reset Removal Time Trr 1 
* Strobe Guard Band Time Tgb 400 

(Fsc £100 kHz) 
* Strobe Guard Band Time ‘ Tgb 200 

(100 kHz <Fsc <250 kHz) 
* Strobe Guard Band Time | Tgb 200 

(250 kHz <Fsc < 500 kHz) 

negative edge only 


*Defines the minimum time from strobe edges to switching BCD data. 


| 
|  Guardbanded Strobe 


BCD 


Tob K > | Tgb 
Strobe J o\ 


*Propagation Delay and Pulse Width 


UNITS 


a 


MHz 
MHz 
MHZ 
KHz 


ns 
ns 


ns 
ns 


Us 
us 
LS 
US 
LS 
ns 


ns 


ns 


B4/D2 or 
B8/D2 


SCAN OSCILLATOR: 


CAPACITANCE TYPICAL OSCILLATOR FREQUENCY 


4.75V 10V 15V 


40.0KHz 24.2KHZ 22.2KHZ 
22.2KHzZ 14.8KHz 13.8KHz 


oOpf 
100pf 
470pf 
750pf 
2000pf 


TYPICAL APPLICATION 


PRESCALE 
DIGIT 1 


750 MHz BCD CTR 1 


B1/D1—B8/D1 


DIGIT STROBES 


5.OKHz 3.6KHZz 3.5KHz 

3.3KHz 2.4KHz 2.2KHz 

1.3KHz 91KHz 85KHz 
PRESCALE 
DIGIT 2 


BCD CTR 2 


¥y vy(7.5 MHz) 


B1i/D2—B8/D2 
LS7031 BCD DATA 


1248 BLANK 


BCD TO SEVEN 
SEGMENT®# 
DECODER/DRIVER 


a 
8 DIGIT DISPLAY 


PACKAGE DIAGRAM: 


bcdefg 


.075 RAD. 


.070 + .002 
—.000 


The information included herein is believed to be accurate and 
reliable. However, LS! Computer Systems, Inc. assumes no re- 
sponsibility for inaccuracies, nor for any infringements of patent 
rights of others which may result from its use. 
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FEATURES: 


@ DC to 350 KHz Count Frequency at +5V Operation 

® Fully Synchronous Operation 

Cascadable 

@ Inputs CMOS, TTL, and OTL Compatible at +5V Operation 

© Separate Low Current Drain Power Supply for Counter 
Stages Permits Battery Stand-by Operation 

@ Reset 

® Count Enable 

© Parallel BCD Output Data 

® Power-on-Reset 

® Count Input Applied to a Regenerative Circuit which 
Permits Infinite Rise and Fall Times 

@ Selectable as 6 Decade or Dual 3 Decade Up or Down 
Counter 

© CMOS Type Noise Immunity on all Inputs 

© Output Latches 

© Single Power Supply Operation, +5VDC to +15VDC 


DESCRIPTION: 


The LS7040 is a monolithic ion implanted PMOS 
synchronous Dual 3 Decade or 6 Decade Up/Down 
Counter including latches and parallel BCD data. 
outputs. 


DESCRIPTION OF OPERATION: 

UP/DOWN Circuit. can be operated as a 6 decade 
Up or Down counter, a dual 3 decade Up or Down counter, 
or in a mode where one 3 decade counter counts up and the 
other counts down. A high input causes counter to operate in 
the Up mode. A low input (or N/C) causes the counter to 
operate in the Down mode. 


COUNT Counter will operate at speeds up to 350kHz 
and advances on the negative edge of the input count 
pulse. When using asa synchronous 6 decade counter, 
Count 1 and Count 2 must be tied together and 
must have fast rise and fall times, i.e. 50 wsec max. 


When using as an asynchronous counter, the input 
count pulse is applied to the Count 1 Input and the 
Carry/Borrow 1 output is applied to the Count 2 Input. In 
this mode, the input count pulse can have an 
infinite rise and fall time. Refer to Figures 2 through 
4 for synchronous and asynchronous counter operation. 


RESET A high input will hold all counter stages at zero. 
When using as a 6 decade counter, Reset 1 and Reset 
2 must be tied together. 


LS 7040 


MARCH 1987 


UAL 3 DECADE UP/DOWN COUNTER 


CONNECTION DIAGRAM: TOP VIEW 
STANDARD 40 PIN PLASTIC DIP 


(+5to+15VDC) VSS] | ]Count 1 Input 
Up/Down 1 Input(_] 9 39 (_|Count 1 Enable Input 
Reset 1 Input(_}| 3 38 {_JLatch 1 Enable Input 
AL| 4 37 (_\Carry/Borrow 2 Output 
B 5 36 [_] D 
Hundreds | cH 6 35 ae 
DC) 7 34 B 
A 
: | | 8 33 a BCD 
BCD Tens 9 32 DATA 
DATA C 10° 231 TG OUTPUTS 
OUTPUTS DC] 11 30 B 
( 3 Decade AC] 12 A (3 Decade 
. BL] D Counter 1) 
Counter 2) Units 
am C Hundreds 
DL B 


Carry/Borrow 1 Output (_ 
Latch 2 Enable Input (_] 
Up/Down 2 Input [__ 
Count 2 Enable Input [1 


|_JMode Select Input 
Count 2 Input(_] 


| ]Reset 2 Input 


TOP VIEW 


COUNT ENABLE A high input will permit counting. A 
low input will inhibit counting and the counter will 
remain at its last count. When using as a 6 decade 
counter, Count 1 Enable and Count 2 Enable must 
be tied together. See Figures 2 through 4. 


LATCH ENABLE A high input will cause information 
present in the counter to be transmitted through 
the latch. A low input prevents updating of the latch- 
es as the counter advances. When using as a 6 decade counter, 
Latch 1 Enable and Latch 2 Enable must be tied to- 
gether. 


MODE SELECT When input is low (or N/C), the counter 
becomes a dual 3 decade counter. In this mode of 
Operation the counter can be hooked up as an asyn- 
chronous 6 decade counter. A high input causes the 
counterto operate as a synchronous 6 decade counter. 


BCD DATA All 24 BCD data bits stored in the latches 
are brought out in parallel. 


CARRY/BORROW As a Dual 3 Decade Up Counter, Carry 
signals are positive outputs lasting for one clock period that 
occur when a count of 999 _ is reached. Each output 
is capable of driving another 7040 counter directly. When 
used as a synchronous 6 decade Up Counter, Carry 2 will 


be the output Carry and will occur when a count of 999999 
is reached while Carry 1 is internally routed into decade 4. 


As a Dual 3 Decade Down Counter, Borrow Outputs occur 
when a count of 000 - is reached. As asynchronous 6 
Decade Down Counter, Borrow 2 will occur when a count 
of 000000 is reached. When cascading synchronous 6 
Decade Counters, Carry/Borrow 2 of the first counter is 
applied to the Count 1 Enable and Count 2 Enable of the 
second counter . In this case the count inputs of both 
counters must be tied together. This rangemen enables 
fully synchronous operation. 


When cascading asynchronous counters, Carry/Borrow 2 of 


the first counter is applied to Count 1 of the second counter. 


To Enable counting, Count 1 Enable and Count 2 Enable 
must be high (VSS). 


POWER SUPPLIES The circuit will operate over the range 
of +5V to +15V. VGG is the supply for all the peripheral 
circuitry. VDD is the supply for the low current drain 
counter chain. This is done to facilitate battery stand-by 
for VDD during a power supply outage condition. (See 
Figures 5 and 6). During this condition the circuit will 
continue to count and generate output carry signals. 
The BCD ‘outputs will not be available and the latch 
will be inoperative. 


POWER-ON-RESET A Power-On-Reset circuit enables the 
counter to initialize at a count of 000000 when power 
is first applied. 


NOTE: The following inputs have internal pull down 
resistors to VDD with maximum sink current of 20 nA 
at VSS input. 


Up/Down 1 
Up/Down 2 
Mode Select . 


TECHNICAL DATA 


Input Specification-With VSS=+15V and VDD=VGG=O0V inputs will be High 
Threshold Logic and CMOS compatible. With VSS=+5V inputs will be TTL, 
DTL, i CMOS compatible. (TTL and DTL inputs require +3.5 volts logic 
1 input). 

Outputs - Will be CMOS compatible over entire range of power supply voltage 
limits. 

Logic - Positive true. 

Package - 40 pin Dual-In-Line. 


MAXIMUM RATINGS: 


Parameter Symbol Value Units 
Storage Temperature . Tstg -65 to +150 oC 
Operating Temperature Ta -25 to +70 oC 
Voltage a pin to VSS) Vmax -30 to +.5 V 


DC ELECTRICAL CHARACTERISTICS 


(VDD = VGG = OV, VSS = +5V to +15V, -259C <Ta < +70°C Unless 
otherwise specified). 


Parameter “Symbol Min. Max. Units 
Quiescent Supply Current Idd 2.5 mA 
(VSS = +5V) —— Igg 4.5 mA 
Quiescent Supply Current Idd 3.0 mA 
(VSS = +9V) igg 7.0 mA 
Quiescent Supply Current Idd 4.0 mA 
(VSS = +15V) Ig9 | 11.0 mA 
input Capacitance Cin 10 pf 
All Inputs 

Noise Immunity Vni 30% VEE Volts 
All Inputs Vnh 30%(VSS-VDD Volts 
Output Levels Vol +0.5 Volts 
All Outputs Voh  VSS-1 Volts 


AC ELECTRICAL CHARACTERISTICS 
(VOD=VGG=OV, VSS= +5V to +15V, —25°C <Ta <+70°C unless 


otherwise specified). 


Parameter Symbol Min. Max. Units 


Count Input Frequency 
(For Data Outputs) 


VSS = +5V, 3 Decade Fc DC 350 kHz 
VSS = +5V, Synchronous 
6 Decade Fc DC 250 kHz 
VSS = +15V, 3 Decade Fc DC 250 kHz 
VSS= +15V Synchronous 
6 Decade Fc DC 175 kHz 


Count Input Pulse width 
egstive.t Pulse) 


Tcpw 1.5. bs 
VSS = +15V Tcpw 2.5 Bs 
Count Input Rise and Fall 
Fall Time 
Asynchronous Counting a Limit 


Synchronous Counting BS 


AC ELECTRICAL CHARACTERISTICS (Cont'd) 


Parameter Symbol Min. Max. Units 
Reset Pulse Width ‘Trew 4.0 ps 
Count Enable Set | 
Up Time Tces* 2.0 Tk 
Count Enable Hold 
Time Tceh* 2.5 us 
Count Input to Latch 
Enable Set Up Time Tels 4.0 ps 
Latch Enable Pulse 
Width Tipw 2.0 ps 
Up/Down Set Up 
Time Tuds* 2.0 Ms 
Up/Down Hold Time Tudhl* 7.0 Th 
(See Note 1) Tudht** 2.5 ps 
Propagation Delay 
(CL = "15 pF) 
Data Output Tdd* 4.5 pS 
Carry Output Tcd* 5.5 ps 


* With respect to count input leading negative edge. 
** With respect to count input trailing positive edge. 


Note 1: Tudht may be used instead of Tudhl at high frequencies where the 
Count Input negative pulse width is less than 4.5 ysec. If the pulse width is 


greater than 4.5usec., Tudh! must be used. 


BCD OUTPUTS 


Seine eee ‘“ 


3 DECADE LATCH | 
RESET 1 | U 
3 DECADE COUNTER 1 7 


LATCH 1 ENABLE 


> CARRY/BORROW 1 


counT1 | i UP/ON 1 
| PULSE 

COUNT 1 ENABLE SHAPER | 
MODE SELECT | | 
COUNT 2 ENABLE PULSE INTERNAL | 
COUNT 2 SHAPER. ff | 
CARRY/BORROW " 

UP/ON 2 


RESET2 | : 
) >| 3 DECADE COUNTER 2 


. 8 
LATCH 2 ENABLE 
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BCO OUTPUTS 
FIGURE 1 — LS7040 BLOCK DIAGRAM 


> CARRY/BORROW 2 
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a COUNT ehelabets COUNT ENABLE 


MODE 
SELECT 


UP/ON CONTROL UP/DN CONTROL 


FIGURE 2 — SYNCHRONOUS 12 DECADE COUNTER 


COUNT 1 ENABLE 


MOCE 


MODE 
SELECT 


SELECT 


VOD or N/C 


carry/borrow 1 


UP/DON CONTROL 


UP/DON 1 CONTROL 


FIGURE 3 — SYNCHRONOUS 9 DECADE COUNTER 
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COUNT ENABLE 


MODE MODE 


ECT . 
PEL VOD or N/C SELECT N/C 


carry/borrow 2 


carry/ 


ay COUNT 2 


COUNT 2 


FIGURE 4 — ASYNCHRONOUS 12 DECADE COUNTER 


BATTERY STAND-BY SCHEMATICS 


& 
BATTERY POWER SUPPLY 


ee 4 6.5 VOLTS MIN. 
6 VOLTS MIN. 


Positive Supply System The battery voltage is lower than the 
supply voltage and is used only in the Power Outage Con- 
dition for counting. When the power supply is shut off, the 

battery supplies current only through VDD. Diode D1 is used 
to isolate VDD and VGG. Diode D2 is used to prevent VSS 
from going to ground potential when the power supply shuts 
off. Diode D3 is used to isolate the battery and the power 
supply. 


+ 
BATTERY 


6 VOLTS MIN. 


+ 
POWER SUPPLY 
O 6.5 VOLTS MIN. 


FIGURE 6 


Negative Supply System Diode D2 is not needed since 
VGG going to ground potential will not affect standby 


Operation. 


The information included herein is believed to be accurate 
and reliable. However, LSI Computer Systems, Inc. assumes 
no responsibilities for inaccuracies, nor for any infringements 
of patent rights of others which may result from its use. 


ee 


DIAL SETTING 


[| DECODER 


FIGURE 7 


COMPARATOR 1 OUTPUT COMPARATOR 2 OUTPUT 
APPLICATION NOTE: 
The unique feature of the LS7040, and its main advantage over multiplexed counters, is its parallel BCD outputs. These outputs can be applied to as many exter- 
nal preset comparators as desired with a minimum of hardware. Figure 7 illustrates the circuitry for two 6 digit comparators. A BCD to Decimal decoder and a 10 
position switch is used for each of the decade outputs. The arms of the 6 switches are combined in an And gate to provide the comparison output. The desired 
decimal number is selected and the And gate produces a Logic 1 output when the LS7040 reaches that number. For each additional comparator, six 10 position 
switches and one And gate are added. There is no limit to the number of comparators that can be used with one LS7040 and 6 BCD to decimal decoders. Counter 
outputs can be displayed by applying the BCD outputs to a 7 segment decoder to drive LED displays. 
Because of the cascadability of the LS7040, a 12 digit comparator scheme would use 2 LS7040's and 12 BCD to decade decoders. This scheme can be extended 
to as many digits as desired. : 
Figure 7 depicts an output occuring at comparator 1 when the LS7040 reaches a count of 123789. Comparator 2 will produce an output at a count of 247650 
An additional advantage of the LS7040 over multiplexed counter outputs occurs when analog circuits and counter circuits are being used together. The demulti- 


plexing signals and associated hardware that are used by a multiplex counter can cause noise to interfere with analog signals. The use of the LS7040 in an analog 
application will negate the possibility of any noise generation. 
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LS7055/LS7056 


Manufacturers of Custom and Standard LSI Circuits 
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6 DECADE PREDETERMINING UP/DOWN COUNTER 


(with 3 presettable storage registers) 


FEATURES: 
® Single Power Supply Operation +4.75 to +15 Volts 
@ Integral Preset, Presignal and Mainsignal Store 
@ DC to 250KHz Count Frequency 
@ Fully Synchronous Operation 
Three Comparators with Output Flags 
Automatic or Manual Preset/Reset Control 
© Thumbwheel Interface for Storage Selects 
© Prescale on Count Input Selectable 
© Count Inhibit 
° Up/Down Control 
© Scan Rate up to 150KHz 
© Scan Oscillator has Override Capability 
@ Blanking Override for Decimal Point Operation 
@ Multiplexed 7 Segment and BCD Data Output 
© Output Latches 
© Reset 
o Hysteresis Circuit on Count Input 
@ CMOS Type Noise Immunity on all other inputs 
@ Pull Down Resistors on BCD inputs 


DESCRIPTION: 

The LS7055/LS7056 is a monolithic, ion implanted MOS 
synchronous 6 decade up/down counter. The circuit includes 
storages and comparators, zero detect, automatic presetting 
and resetting, output latches, multiplexed output BCD and 
seven segment data. Thumbwheel switches can be used to 
provide BCD data to the storage networks in the circuit. 


DESCRIPTION OF OPERATION: 


COUNT: 
Counter will operate at speeds up to 250 KHz and will advance 
on the positive edge of the input count pulse. 


UP/DOWN: 

Counter can operate in either the up mode or the down mode. 
A high input will cause the counter to operate in the up mode 
while a low input will cause it to operate in the down mode. 


COUNT INHIBIT: 
A high input will inhibit counting and the counter will remain at 
its last count. A low input will enable counting. 


DATA TRANSFER INPUT: 

A high input will allow the seven segment display and BCD data 
to follow the count (the internal latches beome transparent). A 
low input prevents updating of the latches as the count ad- 
vances and the seven segment display and BCD data outputs 
remain fixed. 


REVISED DECEMBER 1985 


PIN ASSIGNMENT: 


COUNT INHIBIT INPUT [1] & 40 | COUNT INPUT 


[39 ] UP/DOWN INPUT 
[38 ] ZERO DETECT OUTPUT 
RESET INPUT (4 DATA TRANSFER INPUT 
INHIBIT INTERNAL RESET INPUT (5 __ [36] PRESIGNAL OUTPUT 
INHIBIT INTERNAL PRESET INPUT [6 35} B1 


DIVIDE CONTROL INPUT 1[ 2 | 
DIVIDE CONTROL INPUT 2[3 | 


PRESET INPUT [7 134 ]B2 BCD DATA 
OUTPUT 


(GND) VOD [8 | 
MAIN SIGNAL OUTPUT {9 | |32|B8 
B1[10 [31] BLANKING OVERRIDE: 
BCD DATA ) 84 UY 30]G 
INPUT 


(+5 TO +15VDC) VSS [4 D SEGMENT OUTPUTS 
SELECT STORAGE INPUT 1 L!5, 26] C 
SELECT STORAGE INPUT 2 L16| [25]B 
LSD [24] A 
LSD + 1 L18] [23] SCAN OSCILLATOR INPUT 
ae eee [22] MSD \ DIGIT SELECT 
Lsp + 3 (20 ijisp+4 f OUTPUTS 


*OPTIONAL CHOICE—LAMP TEST (SPECIFY LS7056) 


TOP VIEW 
Figure 1 


RESET: 
A high input will hold all counter stages at zero. A low input 
allows counter operation. 


INHIBIT INTERNAL RESET: 

A high input will prevent automatically resetting the counter to 
zero when in the up mode and when the number set in the main 
signal store is reached. 


PRESET: 
A high level allows presetting of BCD counter to number set 
in preset store. A low input allows counter operation. 


INHIBIT INTERNAL PRESET: 

A high input will prevent automatically presetting the counter 
to the number set in preset store when in the down mode and 
when zero is reached. 


SELECT STORAGE OF DATA INPUTS: 

Two inputs which allow BCD data to be stored in either the 
preset, presignal, or main signal store. The proper method for 
loading the stores is depicted in Figure 4. 


PIN 15 PIN 16 STORAGE 


No Selection 
Presignal 
Main Signal 
Preset 


BCD DATA INPUTS: 

Four inputs containing BCD data which are applied to either the 
preset, presignal, or main signal stores one decade at a time. 
This data can be provided by a set of thumbwheel switches 
which are driven by the digit select outputs. Referring to Figure 
4, the BCD data inputs have built in pull down resistors 
(typically 51K ohm). 


DIVIDE CONTROL: 
Two inputs for allowing selection of either divide by 5, 6, or 1 
of the count input. 


Divide by 5 


Divide by 6 
Divide by 1 


MAIN SIGNAL OUTPUT: 

An internal comparator will provide a high level output when 
the number set into the main signal store is reached by the 
counter. In the automatic mode and with the up/down control 
in the up position, the counter is reset to zero and the main 
Signal output is typically a 2.5 microsecond wide pulse. In the 
manual mode (inhibit internal reset is high) the output remains 
high until the next count input or a reset is applied. 


PRESIGNAL OUTPUT: — 

The presignal comparator provides a high level output when 
the number set into the presignal storage is reached. The 
Output remains high until the next count input or a reset or 
preset is applied. 


SCAN CLOCK INPUT: 

A DC to 150 KHz oscillator input port for driving the internal 
scan counter is provided. Up to 150 KHz may be used when 
demultiplexing BCD data using the digit select outputs. The 
frequency of the oscillator is determined by an external RC 
network as shown in Figure 4. Table 1 indicates several fre- 
quencies and their associated RC networks. The oscillator can 
be overridden using an external driver. Table 2 indicates the 
external drive requirements. When displaying, leading zero 
blanking and unblanking on LSD is provided. 


BLANKING OVERRIDE: (LS7055 ONLY) 

On circuits with this option, unblanking can be made to occur 
on any digit by connecting that digit select output to the 
unblanking input. Since the input has an internal pull down 
resistor, it can be left floating when not in use. 


LAMP TEST: (LS7056 ONLY) 
A high input will cause the seven segment outputs to provide 
all 8's to a display (BCD outputs are not affected). 


ZERO DETECT OUTPUT: 

A high output occurs whenever the counter is at zero. In the 
automatic mode, and with the up/down input in the down 
mode, the counter presets to the number in the preset store 
and the zero detect output is typically a 1.5 microsecond 
pulse. In the manual mode (inhibit internal preset is high) the 
counter remains at zero until a preset or a count input pulse is 
applied. | 


DIGIT SELECT OUTPUTS: 

Six positive outputs for digit identification. The outputs occur 
sequentially going from MSD to LSD and can be applied 
directly to thumbwheel switches. They must be buffered be- 
fore being applied to the seven segment displays either by a 
CMOS or transistor buffer as shown in Figure 5. Figure 3 
indicates the timing relationship between the digit select out- 
puts and the BCD data outputs. 


SEVEN SEGMENT OUTPUTS: 

Capable of sourcing current into the base of a common emitter 
NPN transistor for interfacing to a seven segment display. 
Small displays needing an average current of .5 milliamperes 
can be interfaced to the circuit without external transistors. A 
typical example of a 12 volt circuit is shown in Figure 5. 


BCD OUTPUTS: 

Four outputs corresponding to the BCD data stored in the 
latches. The outputs can be demultiplexed using the circuitry 
shown in Figure 4. As can be seen from the timing diagram 
of Figure 3, the BCD data output and digit select outputs are 
completely stable during the positive digit select outputs. 


POWER-ON-RESET: 

An external RC network applied to the reset input as shown 
in Figure 4 can be used to reset the counter to “O” upon applica- 
tion of power. The preset input must be held low at this time. 
The RC time constant should be larger than the power supply 
rise time. For example, a 100K Ohm resistor and a .1uF 
capacitor could be used if the power supply rise time was 5 
milliseconds. | 


POWER SUPPLIES: 

The circuit will operate over the range of +5 to +15 volts. At 
+5 volts, the inputs are TTL and CMOS compatible (external 
pull-up resistors must be provided on any input which does not 
pull up to VSS) when using TTL inputs. At + 15 volts, inputs 
are CMOS compatible. All outputs are CMOS compatible from 
+5 to +15 volts. 


The information included herein is believed to be accurate and reliable. 
However, LS] Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 
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FIGURE 4 
SYSTEM INTERCONNECTION DIAGRAM 


DISPLAY 


SCAN TABLE1 ? 
Typical resistor/capacitor values for the scan oscillator 


| Resistor Capacitor Typical Frequency 
L 10KQ2 750pF 150KHz 
rot eles! 15KQ. 750pF 100KHz 
ee 100K 02 1000pF — 10KHz 


1.0 MEGQ 1000pF 1KHz 


2.7K 
Typical 


7 Segment 
Output 


Digit Select Outputs 


LS7055/LS7056 TABLE 2 


Driver Requirements for Overriding Scan Oscillator Input 


aa BCD Data Input 
Titcakoncal Power Supplv(volts) Sink Current Source Current 
Switches | 5 1.0mA 0 
as 10 4.5mA 0 
FIGURE 5 15 10.0mA 0 


Driving a small LED Display (Typically 1/8”) at 12 volt power 
supply. The 2.7K resistors provide approximately 3 milliamperes 
segment drive. 


The information included herein is believed to be accurate and 

reliable. However, LS! Computer Systems, Inc. assumes no res- 

ponsibilities for inaccuracies, nor for any infringements of pat- 
5 ent rights of others which may result from its use. 
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FIGURE3 TIMING DIAGRAM 


*BCD data input assumed to be applied from a set of thumbwheel switches as shown in Figure 5. 
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MAXIMUM RATINGS: DYNAMIC ELECTRICAL CHARACTERISTICS: 


Parameter Symbol Value Units” (VDD=0V, VSS=+4.75 to+15V, —259°C<Ta<+70°C unless otherwise specified) 
Storage Temperature Tstg —65 to +150 9¢ Parameter symbol Min. Max. =—_ Units" 
Operating Temperature Ta —25 to +/0 °C Count Input Frequency 
Voltage (any pin to VSS) Vmax —30to+0.5 V VSS=5V Fe oc 250 KHz 
VSS=10V Fc DC 175 KHz 
DC ELECTRICAL CHARACTERISTICS: VSS=15V oe oc 195 KH 
(VDD=0V, VSS=+4.75 to +15V, —25°CSTaS+70°C unless otherwise Pulse Width 
specified) VSS=5V Tcw 2 jusec 
Parameter Symbol = Min, Max. Units VSS=10V Tow 2.8 usec 
Quescent Supply Current VSS=15V Tcw 4 sec 
(All Input Pins Tied to VSS) Rise Time Ter ee) psec 
(All Output Pins Left Open) Fall Time Tcf co psec 
VSS=5V Idd 20 mA Scan Input Frequency 
VSS=15V | Idd 25 mA VSS=5V Fsc oc 150 KHz 
Input Capacitance All Inputs Cin 10 PF VSS=10V Fsc DC 125 KHz 
 Hysterisis On Count Input 30%(VSS-VDD) Volts VSS= 15V Fsc DC 100 KHz 
Noise Immunity All Other VnL 30%(VSS-VOD) Valts Divide Control 
Inputs VnH 30%(VSS-VDD) Volts Set-Up Time Tds 2.0 psec 
| Hold Time Tdh 8 psec 
Outputs Levels All Outputs VoL 0.5 Volts 
(All Output Pins Left Open) VoH  VSS-1 Volts Reset Pulse Width** Trpw 2 Msec 
7 Segment Output Current Reset Set-Up Time Trs 0 psec 
Source Current Hold Time Trh 6 psec 
VSS=5V, Vout=.7V, 70°C lseq. 9.3 mA 1 
VSS=5V, Vout=.7V, 25°C seg 0.4 mA CUCU REia eset, | 
VSS=10V, Vout= 7V, 25°C seg 2.0 mA pee ee de : see 
VSS=15V, Vout=13V, 25°C —Iseg.—«3.0 mA gre SMe ne : psec 
Note: Limit Segment Source Current to 4.5 mA max. Preset Pulse Width** Tppw 2 psec 
Sink Current(Vout=.4V) Preset Enable 
VSS=5V, 25°C Iseg —21 pA Set-Up Time Tpes 0 psec 
VSS=10V, 25°C seg -11 pA aoidcriine Tpeh «6 wise 
VSS=15V, 25°C Iseg —15 A 
VSS=15V, 70°C lseg —10 es Inhibit Internal Preset 
BCD, Zero Detect, Mainsignal, and Presignal Output Current Set-Up Time Tips 0 psec 
Source Current Hold Time* Tiph 3 psec 
VSS=5V, Vout=4.5V, 70°C loH =~ «A mA Data Transfer Pulse Width** Tdtw 2 psec 
VSS=5V, Vout=4.5V, 25°C loH 13 mA 
VSS=10V, Vout=9.0V, 25°C 10H = 70 mA Data Transfer 
VSS=15V, Vout=13V, 25°C «10H 2.5 mA Seep Jame Tdts 0 
Note: Limit Digit Select Source Current to 4.5mA max. Hold Time Tdth 6 psec 
Sink Current(Vout=.4V) Up/Down 
VSS=5V, 25°C lol —7.5 jcA Set-Up Time Tuds 0 
VSS=10V, 25°C lol -6.0 HA Hold Time Tudh =—-:'10 usec 
Vee oye ae HA Count Inhibit 
pare as : he oe Set-Up Time Tcs 2 usec 
Digit Select Output Current Hold Time Tch 10 usec 
Source Current 
VSS=5V, Vout=4.5V, 70°C loH 0.28 mA Data Outputs (CL=10PF) 
VSS=5V, Vout=4.5V, 25°C loH 0.35 mA Rise Time Tdr 1.0 psec 
VSS=10V, Vout=9.0V, 25°C loH 2.0 mA Fall Time 
VSS=15V, Vout= 13.5V, 25°C ~—loH 7.0 mA VSS=5V Tdf 2.0 pSeC 
Note: Limit digit select current to 10mA. VSS=10V Tdf 30 sec 
Sink Current (Vout=.4V) - VSS=15V Tdf 4.0 psec 
VSS=5V, 25°C loL 15 uA Digit Select Outputs Guard 
VSS=10V, 25°C lol 249 uA Band time within 7 segment 
VSS=15V. 25°C lol 1 uA and BCD outputs (fig. 3) Tgb 0.5 psec 
VSS=15V. 70°C lol uA Main Signal, Presignal, Zero 


Detect Outputs delay with 

respect to positive edge of 

Count Input Tdo 3 usec 
Set-Up and hold times are defined with respect to positive edge of count input 
except where indicated by asterisks. 

*Indicates'a hold time which must last for at least one whole count cycle plus 
five microseconds past the next positive edge of count input. 

**Reset, Preset and data transfer pulse width is as specified except if applied 
when a count input is going positive. In that case the set-up and hold times 
govern. 


-SCAN CLOCK 
INPUT SCAN 
OSCILLATOR 


| DATA TRANSFER INPUT 


BCD: 2s 
DATA: taser 


— 
INPUTS ae 


DIVIDE CONTROL INPUT 1 
DIVIDE CONTROL INPUT 2 


—1,5,6 
) SELECT 


COUNT INPUT 


COUNT INHIBIT 


INPUT 
STORAGE MAINSIGNAL 
SELECT 1 

macaieeely PRESET STORE 
STORAGE 
SELECT 2 


DIGIT SELECT BCD 
OUTPUTS OUTPUTS 


DIGIT SELECT 
GENERATOR 


iz are 
f= 


PRESET STORE 


LS7055/LS7056 


BLOCK DIAGRAM 


cas oom MAINSIGNAL STORE 
bel MAINSIGNAL | 


PRESI =n STORE 
PRESIGNAL COMPARATOR 


Ly 
LI 


Uk kk A AMMA uhh Al 
ETE MET 


7 SEGMENT 


OUTPUTS 
i MP TEST 
BCD TO7 : i 
SEGMENT INPUT (optional) 
DECODER 


ee J i 
ee er 
Lf ______}] MULTIPLEXER 

a ne 


onl eee 
GENERATOR 


BLANKING 
OVERRIDE 


INPUT 


MAINSIGNAL OUTPUT 


COUNTER PRESET 


UP/DOWN 
CONTROL 


PRESIGNAL OUTPUT 


ZERO DETECT OUTPUT 


INHIBIT INTERNAL 
RESET INPUT 


C RESET INPUT 


INHIBIT INTERNAL 
PRESET INPUT 


a oe PRESET ENABLE 
nd 


UP/DOWN 
INPUT 


with 32 Bit Latch, 


| 
| 
FEATURES: 


is DC to 10MHz Count Frequency 

® 8 Bit Byte Multiplexer 

© DC to 1MHz Scan Frequency 

O Single Power Supply Operation, +4.75 VDC to +5.25 VDC 
O Three-State Data Outputs, Bus and TTL Compatible 
© Inputs TTL, NMOS and CMOS Compatible 


© Unique Cascade Feature Allows Multiplexing of Successive Bytes 


of Data in Sequence in Multiple Counter Systems 
@ Low Power Dissipation 
© All Inputs Protected 
® 18 Pin DIP 


DESCRIPTION: 
The LS7060 is a monolithic, ion implanted, N channel MOS 


Silicon Gate, 32 bit up counter. The circuit includes latches, 


multiplexer, eight three-state binary data output drivers and 
output cascading logic. 


' DESCRIPTION OF OPERATION: 


32 BIT BINARY UP COUNTER 


The 32 bit static ripple through counter increments on the 
negative edge of the input count pulse. 
Maximum ripple time is 4s (transition count of thirty-two 


“ones” to thirty two zeros”). 


Guaranteed count frequency is DC to 10MHz. 


COUNT, ALT COUNT 


Input count pulses to the 32 bit counter may be applied 
through either of these two inputs. The Alt Count input 
circuitry contains a Schmitt trigger network which allows 


| proper counting with “‘infinitely”’ long clock edges. A high 


applied to either of these two inputs inhibits counting. 


_ RESET 
| All 32 counter bits are reset to zero when Reset is brought 


low for a minimum of 1s. Reset must be high for a minimum 


| of 300ns before next valid count can be recorded. 


4 Manufacturers of Custom and Standard LSI Circuits 
fa ae 1235 Walt Whitman Road, Melville, NY 11747 

= TWX: (510) 226-7833 FAX: 516 271 0405 
Telephone: (516) 271-0400 


LS/7060 32 BIT BINARY UP COUNTER 


Viultiplexer and Three-State Drivers 


JUNE 1983 


COUNT | | 18] | VCC (+5V) 


"ALT COUNT | | B5 OUT 
B40uT | | B6 OUT 
B30UT | | B7 OUT 
B20UT | | B8 OUT 
B1 OUT | | TEST COUNT 
Reset [_| SCAN RESET/LOAD 
CASCADE ENABLE OUT | | | 11|_ | ENABLE 
(GND) vss |_| 10{ | SCAN 


TOP VIEW 
STANDARD 18 PIN DIP 
Figure 1 


TEST COUNT CASCADE ENABLE 


This output is normally high. It transitions low and stays low when the sc 
multiple counter system this output is connected to the Enable input of the 
The Scan input and Scan Reset/Load input are carried to all the counters ir 
sents its bytes of data to the output bus on each positive transition of the scan 
When state 5 of counter 1 is achieved, counter 2 presents its data to the out; 
all counters in the cascade have been addressed. See Fig. 4 for an illustration o 
This output is TTL, CMOS and NMOS compatible. 


Count pulses may be applied to the last 16 bits of the binary 
counter through this input, as long as bit 16 of the counter is 
a low. The counter advances on the negative transition of 
these pulses. This input is intended to be used for test pur- 
poses. It allows use of the LS7060 as “almost” a full dual 
16 bit counter. 


LATCHES 


32 bits of latch are provided for storage of counter data. All 
latches are loaded when the Load input is brought low for a 
minimum of 1s and kept low until a minimum of 4s has 
elapsed from previous negative edge of count pulse (ripple 
time). 


Storage of valid data occurs when Load is brought high for 
a minimum of 250ns before next negative edge of count pulse 


THREE-STATE DATA OUTPUT DRIVERS 


The eight Data Output Drivers are disabled when either Enable input is high, t 


Scan input is low. 


The Output Drivers are TTL and Bus compatible. 


MAXIMUM RATINGS: 


——— PARAMETER SYMBOL VALUE 
or Reset. >= = == eas 
Storage Tempetature TstcG —55 to +150 
SCAN COUNTER AND DECODER Operating Temperature Ta 0 to +70 
The scan counter is reset to the least significant byte posit- Voltage(any pin to VSS) Vmax +10 to —0.3 


ion (state 1) when Scan Reset input is brought low for a 
minimum of tus. The scan counter is enabled for counting as 
long as the Enable input is held low. The counter advances to 
the next significant byte position on each negative trafs- 
ition of the Scan pulse. When the scan counter advances to 


DC ELECTRICAL CHARACTERISTICS 


(Vec=t+5V£5%, Vss=0V, Ta=0°C to +70°C unless otherwise noted.) 


state 5 it disables the Output Drivers and stops in that state Parameter Symbol Min. Max. Units 
until Scan Reset is again brought low. Power Supply Current Ipp 15 mA 
SCAN Input High Voltage Vin +3.5 Vpp ~=#OV 
When the scan counter is enabled, each negative transition Input Low Voltage ViL 0 +0.6 V 
of this input advances the scan counter to its next state. ; 
When Scan is low the Data Outputs are disabled. When Scan eee mghicy oltade Ven 
ascade Enable VoH cc—9.2 V 
is brought high the Data Outputs are enabled and present the 40.4 V 
latched counter data corresponding to the present state of 
the scan counter. B1— B8 +2.4 V 
Therefore, in microprocessor applications, the Data Output +2.0 V 
Bus may be utilized for other activities while new data is Output Low Voltage 
propagating to the outputs. This positive Scan pulse can be Cascade Enable VOL +0.2 V 
viewed as a “Place the next byte on my bus” instruction from +0.4 V 
the microprocessor. . . B1— BB 40.4 y 
Minimum positive and negative pulse widths of 500ns for the 
Scan signal are required for scan counter operation. Output Source Current lsource 3.0 mA 
| B1— B8 Outputs 4.8 mA 
SCAN RESET/LOAD 7.3 mA 
When this input is brought low for a minimum of 1s the Output Sink Current Isink 5.7 mA 
scan counter is reset to state 1, least significant byte position, Bi —B8 Outputs 4.0 mA 
and the latches are simultaneously loaded with new count 2.2 mA 
information. Output Leakage Current lot 1 pA 
B1 — B8 (Off State) 
las is ot sais a Input Capacitance Cin 6 pF 
When this input is high, the scan counter and the Data : 
Outputs are disabled. When Enable is low, the scan counter Output Capacitance Cout 12 pF 
and Data Outputs are enabled for normal operation. Trans- Input Leakage Current Io 1 KA 
ition of this input should only be made while the Scan input 
is in a low state in order to prevent false clocking of the scan INPUT CURRENT 
counter. | *Scan Reset/Load ly —2.5 pA 
Nie —§ LA 
**Count, Alt Count ly 5 BA 
Test Count lie 1 BLA 


The information included herein is believed to be accurate and.reliable. 
However, LS! Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


*|nput has internal pull-up resistor to Vcc 
**Inputs-have internal pull-down resistor to Vss 
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, Outputs No Load 


=MIN. 

tA, Vcc=MIN. 
A, Vcc =MIN. 
A, Vcc=MIN. 


o=MIN. 

» Vec=MIN. 
» Voc=MIN. 
', Vec=MIN. 
/, Vec=MIN.. 
/, Vec=MIN. 
!, Vec=MIN. 
/, Vec=MIN. 
V, Vec=MIN. 
to +2.4V 

N. 

, f=1.0MHz 
>, f= 1.0MHz 

_ RESET, SCAN 
\X 


AX, Vin=+3.5 
\X, Vi_=0 
AX, Vi H=t3.5 
AX, Vii=0 


', Counter 1 then pre- 


1 Operating Frequency, 


DYNAMIC ELECTRICAL CHARACTERISTICS 
(Vcc=t+5V£5%, Vss=0V, Ta=0°C to +70°C unless otherwise noted.) 
Parameter 


Count Frequency 


(Count, Alt Count, Test Count) 


Count Pulse Width 
(All Count Inputs) 


Count Rise & Fall Time 
(Count, Test Count) 


Count Rise & Fall Time 
(Alt Count) 


Count Ripple Time 
(Count, Alt Count) 


Count Ripple Time 
(Test Count) 


Reset Pulse Width 
(All Counter Stays 
Fully Reset) 


Reset Removal Time 
(Reset Removed From 
All Counter Stages) 


Scan Frequency 
Scan Pulse Width 


Scan Reset/Load 
Pulse Width 

(All latches loaded and 
Scan Counter Reset to 
Least Significant Byte) 


Scan Reset/Load 
Removal Time 

(Reset Removed from 
Scan Counter; Load 
Command Removed 
From Latches) 


Output Disable 
Delay Time 
(B1 — B8) 


Output Enable 
Delay Time 
(B1 — B8) 


Output Delay Time 
Cascade Enable 


Symbol = Min. 


fc DC 


tcpw 40 
tr, tf 
tr, tf 


tcr 


tcr 


tRew 500 


tRR 


se 
tscpw «800 


tRscpw 


tRscr 


tpop 


(DoE 


tpce 


Refer to page 4 for timing diagrams. 


Max. 
10 


250 


250 


200 


200 


300 


Units 
MHz 


ns 


LS 


[Ls 


[Ls 


ns 


ns 


MHz 
ns 


US 


ns 


ns 


ns 


ns 


Conditions 


Measured @ 50% point, 
Max tr, te =10ns 


Transition from 32 ones to 
32 zeros from negative edge 
of count pulse 


Transition of second 16 bits 
from all ones to all zeros from 
negative edge of count pulse 
Measured @ 50% point 

Max t,, t¢ =200ns 


Measured from Reset signal 
@Vin 


Measured @ 50% point 
Max t,, tt =100ns 


Measured @ 50% point 
Max ty, tf =200ns 


Measured from Scan Reset/ 
Load @ Viv 


Transistion to Output High 
Impedance State Measured 
From Scan @ Vj, or 
Enable @ Vy 


Transition to Valid On State 
Measured from Scan @V)4, 

and Enable @ Vj, _; Delay to 
Valid Data Levels for Co, =10pf 
and one TTL Load or Valid Data 
Currents for High Capacitance 
Loads — 


Negative Transition from Scan 
@V;; and ST5 of Scan Counter 
or Positive Transition From 
Scan Reset/Load @ V,, to Valid 
Data Levels for Co, =10pf and 
one TTL Load 


CTA l 


DATA 


OUTPUT DATA BUS 


CEl__ END OF SCAN 


ENABLE 
SCAN RESET 


SCAN 


ILLUSTRATION OF A3 DEVICE CASCADE 
Fig. 4 


SCAN RESET 


| 
CASCADE ENABLE Be a eee 


| | 
| | l 

CASCADE ENABLE B = | Peace oe 
| 


CASCADE ENABLE C | 
(END OF SCAN) | 


DATA BYTE ON BUS OO Ee 


PACKAGE 
A B C 


TIMING DIAGRAM 
Fig. 5 


INHIBIT 


Q@) @) 


INHIBIT TO COUNT INPUT 


TO COUNT INPUT 


COUNT + >< } > COUNT 
PULSES PULSES 


(Same as input to Alt Count) (Same as input to Alt Count) 


LS7060 — SYNCHRONIZING INHIBIT WITH C.P. 
Fig. 6 
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LS7061 32 BIT BINARY UP COUNTER 


with 40 Bit Latch, Multiplexer and Three-State Drivers 


Revised January 1986 


FEATURES: 


DC to 10MHz Count Frequency 

8 Bit Byte Multiplexer 

DC to 1MHz Scan Frequency 

Ability to Latch External 8 Bits of High Speed External Prescaler 

Thereby Extending Count Frequency to 2.56GHz 

® Single Power Supply Operation, +4.75 VDC to +5.25 VDC 

@ Three-State Data Outputs, Bus and TTL Compatible 

@® Inputs TTL, NMOS and CMOS Compatible 

® Unique Cascade Feature Allows Multiplexing of Successive Bytes 
of Data in Sequence in Multiple Counter Systems 

© Low Power Dissipation 

® All Inputs Protected 

@ 24 Pin DIP 


@ @0 ®@ 


DESCRIPTION: 
The LS7061 is a monolithic, ion implanted MOS Silicon Gate, 


32 bit up counter. The circuit includes 40 latches, multiplexer, (+5V) VCC | | 14 24| | BS OUT 
eight three-state binary data output drivers and output cascad- 
ing logic. (COUNT) B8IN | | 2 23} | B6 OUT 
DESCRIPTION OF OPERATION: B4aouT [ | 3 22| | BIN 
32 BIT BINARY UP COUNTER B7IN |_| 4 21) | B2IN 
The 32 bit static ripple through counter increments on the B30uT [ | 5 20/ ] B7oUuT 
negative edge of the input count pulse. 
Maximum ripple time is 4us (transition count of thirty two BEIN | | 6 19/ | BIN 
“ones” to thirty two “‘zeros’’). 
Guaranteed count frequency is DC to 10MHz. . B2OUT | | 7 | 18| | B8OUT 
B8 (COUNT) Bsin | | 8 17|. | Bain 
Input count pulses to the 32 bit counter are applied through 
this input. This input is the mest significant bit of the BiouT |_| 9 16 |_| TEST COUNT 
external data byte. 
RESET | | 10 15| | SCAN RESET/LOAD 

RESET eet oe = 

ne CASCADE ENABLE OUT 11 14 ENABLE 
All 32 counter bits are reset to zero when Reset is brought x z= 
low for a minimum of Ius. Reset must be high for a minimum (GND) vss [| 12 13[ | scan 


of 300ns before next valid count can be recorded. 


LS7061 PIN ASSIGNMENT 


TEST COUNT 


Count pulses may be applied to the last 16 bits of the binary 
counter through this input, as long as bit 16 of the counter is 
a low. The counter advances on the negative transition of 
these pulses. This input is intended to be used for test pur- 
poses. 


~ LATCHES 


40 bits of latch are provided, eight for storage of the contents 
of a high speed external prescaling counter and the remaining 
32 for the contents of the internal counter. All latches are 
loaded when the Load input is brought low for a minimum 
of 1 us and kept low until a minimum of 4yus has elapsed 
from previous negative edge of count pulse (ripple time). 
Storage of valid data occurs when Load is brought high for a 
minimum of 250ns before next negative edge of count pulse 
or Reset. 


SCAN COUNTER AND DECODER 


The scan counter is reset to the least significant byte position 
(State 1) when Scan Reset input is brought low for a min- 
imum of 1 us. The scan counter is enabled for counting as 
jong as the Enable input is held low. The counter advances to 
the next significant byte position on each negative transition 
of the Scan pulse. When the scan counter advances to state 6 
it disables the Output Drivers and stops in that state until 
Scan Reset is again brought low. 


SCAN 


When the scan counter is enabled, each negative transition 

of this input advances the scan counter to its next state. 
When Scan is low the Data Outputs are disabled. When Scan 
is brought high the Data Outputs are enabled and present the 
latched counter data corresponding to the present state of 
the scan counter. Therefore, in microprocessor applications, 
the Data Output Bus may be utilized for other activities 
while new data is propagating to the outputs. This positive 


Scan pulse can be viewed as a ‘‘Place the next byte on my bus” 


instruction from the microprocessor. Minimum positive and 
negative pulse widths of 500ns for the Scan signal are re- 
quired for scan counter operation. 


‘SCAN RESET/LOAD 

' When this input is brought low for a minimum of 1s the 
- scan counter is reset to state 1, least significant byte position, 
and the latches are simultaneously loaded with new count 
information. 


ENABLE 


When this input is high, the scan counter and the Data Out- 
puts are disabled. When Enable is low, the scan counter and 
Data Outputs are enabled for normal Operation. Transition 
of this input should only be made while the Scan input is in 
a low state in order to prevent false clocking of the scan 
counter. 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


CASCADE ENABLE: 


This output is normally high. It transitions low and stays low when the scan 
multiple counter system this output is connected to the Enable input of 
string. The Scan input and Scan Reset/Load input are carried to all the coun 
then presents its bytes of data to the Output Bus on each positive transitio 
discussed. When state 6 of counter 1 is achieved, counter 2 presents its data 
continues until all counters in the cascade have been addressed. See Fig. 4 fc 
cade design. This output is TTL, CMOS and NMOS compatible. 


THREE-STATE DATA OUTPUT DRIVERS: 
The eight Data Output Drivers are disabled when either Enable input is high 


the Scan input is low. 


The Output Drivers are TTL and Bus compatible. 


MAXIMUM RATINGS: 


PARAMETER 


Storage Temperature 
Operating Temperature 
Voltage(any pin to VSS) 


Tstc 
Ta 
Vmax 


DC ELECTRICAL CHARACTERISTICS 


(Voc =+5VE5%, Vsg = OV, Ta=0°C to +70°C unless otherwise noted.) 


Parameter 


Power Supply Current 


Input High Voltage 
Input Low Voltage 


OUTPUT HIGH VOLTAGE 


Cascade Enable 


B1— B8 


OUTPUT LOW VOLTAGE 


Cascade Enable 


B1— B8 


Output Source Current 
B1 — B8 Outputs 


Output Sink Current 
B1 —B8 Outputs 


Output Leakage Current 
B1 — B8 (Off State) 


Input Capacitance 
Output Capacitance 
Input Leakage Current 


INPUT CURRENT © 
*Scan Reset/Load 


**B1- B8 Inputs 
Test Count 


Symbol 


IDD 


VIH 


Vir 


VOH 


VOL 


lsource 


Isink 


lot 


Cin 
CouT 
lui 


NH 
le 
NH 


Ne 


*Input has internal pull-up resistor to Vec 
**Inputs have internal pull-down resistor to Vg 


2 


SYMBOL 


VALUE 


—55 to +150 | 
0 to.+70 
+10 to —0.3 


Max. 
15 


Vec 
+0.6 


+0.2 
+0.4 


+0.4 


| 


<< < < 


DATA OUT 
I ee 


CASCADE ENABLE 


LSB MSB 
@ B1 B2 B3 B4 BS B6 B7 B8 
VCC >». . 
VSS >>—— 
arse 6 STATE 
ENABLE | STATIC SCAN COUNTER sige 
Ce. AND DECODER L EN THREE STATE 


OUTPUT DRIVERS 


(STOPS IN STATE 6 UNTIL 
SCAN RESET CAUSES 
RESET TO STATE ONE) 


SCAN : Z 
RESET SCAN/LOAD = ~ 


- 8 BITS 


ae 8 BIT MUX BUS 
- z MUX g MUX 
Gi weare G GATE ; 


nae 
> LOAD 8BIT LATCH 


8 BIT LATCH LOAD 8 BIT LATCH LOAD 8 BIT LATCH LOAD 


8 BIT LATCH 


B1 B2 B3 B4 BS B6 B7 B8 B1 B2 B3 B4 B5 B6 B7 B8 Bi B2 B3 B4 Bd Bé B7 B8 


c 8 BIT BINARY 
COUNTER 


B1 B2 B3 B4 85 B6 B7 B8 


C 8 BIT BINARY 
COUNTER 


Cc 8 BIT BINARY 
COUNTER 


C 8 BIT BINARY 
COUNTER 


| LS7061 )» 
= BLOCK DIAGRAM 
Bi B2 B3 B4 B5 BE B7 B8 (COUNT) 


See er TEST COUNT 
DATAIN 


scan 1 oe a Sere ee ee eee eee 


| | | | | | | | 
| | + 'scpw >< tcp} | | | | | 
| | 
‘1 (int.) sll | | , | | | | | 
| | | | | | | | | | | 
| | | | | | | | | | | | 
| | | | | | | | | | | | 
T2 (int.) ae , | | | , ) | ) l | 
| | | | | | | | | | | | | 
3 (int.) ae ) | : | | 3 | | _ | 
! | | | | l | | | | 
| | | | | | | | 
| | | | | | | | 
| | | | | l | | 
| | | | | | | 
| | | | 
| | | | | | 
| | | | | 
| | | | | 
| | | | 
| | | | 
| | , | 
l | ] ] 
|_| —> | B 


Figure 2 


COUNTER TIMING DIAGRAM 
-—>| L<— trew ——>| <— trew 


K— trR + tcopw tRScR on = be trR + tcpw 


a <— tRSCPW s 


Figure 3 


4 


| 
| 


| 
i 


as to state 6. Ina 
ter in the cascade 
cade’’. Counter 1 
ulse as previously 
ius. This sequence 
| of a 3 device cas- 


ter is in state 6, or 


ns 


um Operating Frequency, 
ax, Outputs No Load 


oc =MIN. 
JA, Vec=MI N. 


OnA, Vec=MIN. 
OHA, Voc=MIN. 


‘CC=MIN. 
nA, Vec=MIN. 
mA, Voc=MIN. 
2V, Vec=MIN. 
8V, Voc=MIN. 
AV, Vec=MIN. 
2V, Vec=MIN. 
8V, Voc=MIN. 
‘AV, Voc=MIN. 
VV to +2.4V 
AN. 

°C, f=1.0MHz 
°C, f=1.0MHz 
LE, RESET, SCAN 
MAX | 

| 

NAX, Vip=t3.5 
WAX, ViL=0 
MAX, ViHet3.5 
MAX, Vit=0 


DYNAMIC ELECTRICAL CHARACTERISTICS 


(Voc=+5Vt5%, Vgg= OV, Ta=0°C to +70°C unless otherwise noted.) 


Parameter 


Count Frequency 
B8(Count), Test Count) 
Count Pulse Width 
B8(Count), Test Count 


Count Rise & Fall Time 
B8(Count), Test Count 


Count Ripple Time 
B8(Count) 


Count Ripple Time 
(Test Count) 


Reset Pulse Width 
(All Counter Stages 
Fully Reset) 


Reset Removal Time 
(Reset Removed From 
All Counter Stages) 


Scan Frequency 
Scan Pulse Width 


Scan Reset/Load 
Pulse Width 

(All latches loaded and 
Scan Counter Reset to 
Least Significant Byte) 


Scan Reset/Load 
Removal Time 

(Reset Removed from 
Scan Counter; Load 
Command Removed 
From Latches) 


Output Disable 
Delay Time 
(B1 — B8) 


Output Enable 
Delay Time 
(B1 — B8) 


Output Delay Time 
Cascade Enable 


Symbol Min. Max. 
fc DC 10 
tcpw 40 
tr, tf 30 
tcr 4 
tcr 2 
trew 500 
trRR 250 
tscpw sé 00 
tRSCPW 1 
tRSCR 250 
tpop 200 
tpoE 200 
tpcE 300 


Refer to page 4 for timing diagrams. 


Units 
MHz 


ns 
LS 


[Ls 


[LS 


ns 


ns 


MHz 
ns 


pS 


ns 


ns 


ns 


ns 


Conditions 


Measured @ 50% point, 
Max t,, te =10ns 


Transition from 32 ones to 
32 zeros from negative edge 
of count pulse 


Transition of second 16 bits 
from all ones to all zeros from 
negative edge of count pulse 
Measured @ 50% point 

Max t,, ts =200ns 


Measured from Reset signal 
@Viy 


Measured @ 50% point 
Max ty, te =100ns 


Measured @ 50% point 
Max t,, te =200ns 


Measured from Scan Reset/ 
Load @ Vj 


Transition to Output High 
|mpedance State Measured 
From Scan @ Vj, or 
Enable @ ViH 


Transition to Valid On State 
Measured from Scan @V) 1, 

and Enable @ V;,_; Delay to 
Valid Data Levels for Co, =10pf 
and one TTL Load or Valid Data 
Currents for High Capacitance 
Loads 


Negative Transition from Scan 
@V,, and ST6 of Scan Counter 
or Positive Transition From 
Scan Reset/Load @ V,, to Valid 
Data Levels for Co, =10pf and 
one TTL Load 


ENABI 


CASCADE 


DATA OU 


Figure 5 


COUNT A 


ENABLE 
SCAN RESET 


SCAN 


ILLUSTRATION OF A 3 DEVICE CASCADE 


OUTPUT DATA BUS 


ee CE = B CE C CE 
EN SC RESET SC EN SC RESET SC a EN SC RESET SC 


pad 


END OF SCAN 


TIMING DIAGRAM 


SCAN RESET a i as 


SCAN 


| 
| 

CASCADE ENABLE A eee 
| 


| 
| 
CASCADE ENABLE B | 
| 
| 


CASCADE ENABLE C | 


(END OF SCAN) | 


DATA BYTE ON BUS 


PACKAGE 


| 
xx 1K 2K 3s Ka 5K 1K eK 3 Ka 5 


Figure 4 


APPLICATION EXAMPLE: High Speed Differential Energy Analyzer 


Detector 
Radiation as. 


Pulse 


Pulse voltage 
proportional 
to energy of 
radiation 


Voltage 
Discriminators Prescalers 


LS7061 


EN Scan 


~ af 
Processor 


Ycw 


Cascade 
Enable 


Note: The processor subtracts counts from successive counters to determine the differential energy spectrum. 
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Figure 6 
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LS7062 | DUAL 16 BIT BINARY UP COUNTER 


with 32 Bit Latch, Multiplexer and Three-State Drivers 


Revised January 1986 
FEATURES: 


® DC to 10MHz Count Frequency 

® 8 Bit Byte Multiplexer 

@ DC to 1MHz Scan Frequency 

® Single Power Supply Operation, +4.75 VDC to +5.25 VDC 

© Three-State Data Outputs, Bus and TTL Compatible 

® Inputs TTL, NMOS and CMOS Compatible 

@ Unique Cascade Feature Allows Multiplexing of Successive Bytes 
of Data in Sequence in Multiple Counter Systems 

® Low Power Dissipation 

@ All Inputs Protected 

© 18 Pin DIP 


DESCRIPTION: 


The LS7062 is a monolithic, ion implanted MOS dual 16 bit 
up counter. The circuit includes latches, multiplexer, eight 
three-stage binary data output drivers and output cascading 


logic. COUNT INPUT A ile 
DESCRIPTION OF OPERATION: ALT COUNTA B5 OUT 


VDD (+5V) 


16 BIT BINARY UP COUNTER B4 OUT B6 OUT 
The 16 bit. static ripple through counter increments on the B3 OUT [4 15] B7 OUT 
negative edge of the input count pulse. 
Maximum ripple time is 2us (transition count of sixteen B2 OUT B8 OUT 
| “ones’’ to sixteen “zeros’’). 
Guaranteed count frequency is DC to 10 MHz. B1 OUT (6. COUNT INPUT B 
COUNT INPUT A, ALT COUNT A RESET SCAN RESET/LOAD 
Input count pulses to the first 16 bit counter may be applied CASCADE ENABLE OUT L8. ENABLE 
through either of these two inputs. The Alt Count A input 
circuitry contains a Schmitt trigger network which allows (GND) VSS 9! SCAN 
proper counting with “‘infinitely” long ciock edges. A high 
applied to either of these two inputs inhibits counting. 
TOP VIEW 
COUNT INPUT B STANDARD 18 PIN DIP 
Figure 1 


Count pulses may be applied to the last 16 bits of the binary 
counter through this input. The counter advances on the neg- 
ative transition of these pulses. 


RESET 

_ All 16 counter bits are reset to zero when Reset is brought 
low fora minimum of 1 us. Reset must be high for aminimum 
of 300ns before next valid count can be recorded. Count 
Input B must be held low when reset is brought low to 


ensure proper reset of Counter B. (See block diagram, figure 7.) 


LATCHES 


32 bits of latch are provided for storage of counter data. All 
latches are loaded when the Load input is brought low for a 
minimum of 1s and kept low until a minimum of 2us has 
elapsed from previous negative edge of count pulse (ripple 
time). = 


Storage of valid data occurs when Load is brought high for 
a minimum of 250ns before next negative edge of count pulse 
or Reset. 


SCAN COUNTER AND DECODER 


The scan counter is reset to the least significant byte posit- 
ion (state 1) when Scan Reset input is brought low for a 
minimum of 1s. The scan counter is enabled for counting as 
long as the Enable input is held low. The counter advances to 
the next significant byte position on each negative trans- 
ition of the Scan pulse. When the scan counter advances to 
state 5 it disables the Output Drivers and stops in that state 
until Scan Reset is again brought low. 


SCAN 

When the scan counter is enabled, each negative transition 

of this input advances the scan counter to its next state. 

When Scan is low the Data Outputs are disabled. When Scan 
is brought high the Data Outputs are enabled and present the 
latched counter data corresponding to the present state of 

the scan counter. 

Therefore, in microprocessor applications, the Data Output 

Bus may be utilized for other activities while new data is 

propagating to the outputs. This positive Scan pulse can be 
viewed as a “Place the next byte on my bus” instruction from 
the microprocessor. 

Minimum positive and negative pulse widths of 500ns for the 
Scan signal are required for scan counter operation. 


SCAN RESET/LOAD 


When this input is brought low for a minimum of Ips the 
scan counter is reset to state 1, least significant byte position, 
and the latches are simultaneously loaded with new count 
information. 


ENABLE 


When this input is high, the scan counter and the Data 
Outputs are disabled. When Enable is low, the scan counter 
and Data Outputs are enabled for normal operation. Trans- 
ition of this input should only be made while the Scan input 
is in a low state in order to prevent false clocking of the scan 
counter. 


CASCADE ENABLE 


The output is normally high. It transitions low and stays low 
when the scancounter advances to state 5. Ina multiple 
counter system this output is connected to the Enable input 


of the next counter inthe cascading string. The Scan input 
and Scan Reset/Load input are carried to all the counters in 
the “Cascade” Counter 1 then presents its bytes of data to 


CASCADE ENABLE (cont.) 


the output bus on each positive transition of the scan pulse as previous- 
ly discussed. When state 5 of counter 1 is achieved, counter 2 presents 

its data to the output bus. This sequence continues until all counters in 
the cascade have been addressed. See Fig. 4 for an illustration of a 3 de- 
vice cascade design. This output is TTL, CMOS and NMOS compatible. 


THREE-STATE DATA OUTPUT DRIVERS 


The eight Data Output Drivers are disabled when either Enable input is hig 


Scan input is low. 


The Output Drivers are TTL and Bus compatible. 


MAXIMUM RATINGS: 


PARAMETER SYMBOL 
Storage Tempetature TstcG 
Operating Temperature Ta 
Voltage(any pin to VSS) Vmax 


DC ELECTRICAL CHARACTERISTICS 


(Vpp=+5V£5%, Vgg=0V, Ta=0°C to +70°C unless otherwise noted.) 


Parameter symbol 
Power Supply Current lpp 
Input High Voltage Vi 
Input Low Voltage Vib 
Output High Voltage 

Cascade Enable VOH 
Bi — B8 

Output Low Voltage 

Cascade Enable VOL 
B1— B8 

Output Source Current Isource 


B1 — B8 Outputs 


Output Sink Current Isink 
Bi —B8 Outputs 


Output Leakage Current IOL 
B1 — B8 (Off State) : 
Input Capacitance Cin 
Output Capacitance CoutT 
Input Leakage Current ly 


INPUT CURRENT 


*Scan Reset/Load NH 
iI 
**Count Input A, Alt Count A /iH 
Count Input B ie 


*|nput has internal pull-up resistor to Vip 


**Inputs have internal pull-down resistor to Vg 


2 


VALUE 


—55 to +150 
0 to +70 


| 


| 


+10 to —0.3 


Max. 
15 


Vpop 
+0.6 


+0.2 
+0.4 


+0.4 


(+5V) VDD [1g}-_>»— 
(GND) Vss 


ENABLE i 


SCAN |10] 


SCAN RESET/LOAD |12 


COUNT INPUT A | 1 }-—>> )> P 
@ 


/\ 


ALT COUNTA 


DATA OUT 


CASCADE ENABLE Oe oe Ae eee 
Bo B2 B4 B66 B8 


B1 5 Jest 3 Ips] "6 a7'4 
a 6} } 4) 15 


/\ 


5 STATE 
STATIC SCAN COUNTER 
AND DECODER 
(STOPS IN STATE 5 UNTIL 
SCAN RESET CAUSES RESET 
TO STATE ONE) 


THREE STATE 


ENABLE TEN OUTPUT DRIVERS 


>| LOAD 8 BIT LATCH > LOAD 8 BIT LATCH 


B1 B2 B3 B4 BS BE B7 B8 B1 B2 B3 B4 B5 B6 B7 B8 B1 B2 B2 B4 B5 B6 B7 BB 


* 


C 8 BIT BINARY COUNTER A 
R 


B1 B2 B3 B4 B5 B6 B7 B8 


C 
8 BIT BINARY COUNTER B 
R 


C 
8 BIT BINARY COUNTER B 
R 


C8 BIT BINARY COUNTER A 
R 


* Reference Figure 6 


LS7062 
BLOCK DIAGRAM 
FIGURE 7 RESET 


COUNT INPUT B 


—| k— SCAN COUNTER & DECODER OUTPUTS TIMING DIAGRAM 


SCAN RESET =. «=~ 


] 
ENABLE (int.) ——-——45— 


ead Paz toce 
Pe na eset ETT { | 
CASCADE ENABLE etl! 


| | | { | | | | 
| , ~«— tscpw = 'scpw es : l l | | 
| Se | | | | 
| | 
ST int.) or ; a a 
| | | 
ee ee ee ee ee ee 
| \ | | 
| | | 
| | , | 3 : | | 
| | | 
aCe a ee ee | Lae ann eee eee 
, | | | | l | 
. ) : | l ; : | { 
ST A(int.) —— pe ee 
ST 5(int.) ame ie ) | , ) | : 3 = 
. af 4 |. es ¢f 
l ] 
| | | | | 
| 
| | | | | 
) | | | | 
| | | —>| toceE : 
a ! 
| 1 
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Figure 2 


COUNTER TIMING DIAGRAM 


| — tRew | <— trew 


eo ee ee 


<— tar + tcpw 'RSCR Le >| ie trr + tcpw 


tepw >} ke > tcr aa ‘cpw 


a= — tRSCPW 


| 
Figure 3 


iter is in state 5, or the 


ns 


ium Operating Frequency, 
ax, Outputs No Load 


Vpp=MIN. 
00UA, Vpp=MIN. 


QuA, Vpp=MIN. 
QuA, Vpp=MIN. 


lpp=MIN. . 
nA, Vpp=MIN. 
nA, Vpp=MIN. 


2V, Vop=MIN. 
BV, Vpop=MIN. 
AV, Vpop=MIN. 
2V,Vpp=MIN. 
BV, Vpp=MIN. 
AV, Vpp=MIN. 
LV to +2.4V 
MIN. 

°C, f= 1.0MHz 
)9C, f=1.0MHz 
LE, RESET, SCAN 
MAX 


MAX, Vy y=t3.5 

MAX, V;,=0 

MAX, Vi y=t3.5 
MAX, Vy, =0 


DYNAMIC ELECTRICAL CHARACTERISTICS 
(Vp p=t+5Vt5%, Vss=0V, Ta=0°C to +70°C unless otherwise noted.) 


Parameter 


Count Frequency 


(Count Input A, Alt Count A, 


Count Input B) 


Count Pulse Width 
(All Count Inputs) 


Count Rise & Fall Time 


(Count Input A, Count Input B) 


Count Rise & Fatl Time 
(Alt Count A) 
Count Ripple Time 


(Count Input A, Alt Count A, 


Count Input B) 


Reset Pulse Width 
(All Counter Stages 
Fully Reset) 


Reset Removal Time 
(Reset Removed From 
All Counter Stages) 


Scan Frequency 
Scan Pulse Width 


Scan Reset/Load 
Pulse Width 

(All latches loaded and 
Scan Counter Reset to 
Least Significant Byte) 


Scan Reset/Load 
Removal Time 

(Reset Removed from 
Scan Counter; Load 
Command Removed 
From Latches) 


Output Disable 


Delay Time 
(B1 — B8) 


Output Enable 
Delay Time 
(B1 — B8) 


Output Delay Time 
Cascade Enable 


Symbol Min. 


fc DC 


tcpw 40 


tRew 500 


sc 
'SCPW 300 


tRScPW 


tRSCR 


tpop 


(DOE 


tpce 


Refer to page 4 for timing diagrams. 


Max. 


10 


250 


250 


200 


200 


300 


Units 


MHz 


ns 


ps 


[LS 


ns 


ns 


MHz 
ns 


Us 


ns 


ns 


ns 


ns 


Conditions 


Measured @ 50% point, 
Max ty, tf =10ns 


Transition from 16 ones to 
16 zeros from negative edge 
of count pulse 


Measured @ 50% point 
Max tr, t¢ =200ns 


Measured from Reset signal 


Measured @ 50% point 
Max tr, tf =100ns 


Measured @ 50% point 
Max t,, tf =200ns 


Measured from Scan Reset/ 
Load @ Ving 


Transistion to Output High 
Impedance State Measured 
From Scan @ Vj, or 
Enable @ Vin 


Transition to Valid On State 
Measured from Scan @V,y 

and Enable @ Vj, _; Delay to 
Valid Data Levels for Co, =10pf 
and one TTL Load or Valid Data 
Currents for High Capacitance 


‘Loads 


Negative Transition from Scan 
@V |, and ST5 of Scan Counter 
or Positive Transition From 
Scan Reset/Load @ V,, to Valid 
Data Levels for Co, =10pf and 
one TTL Load 


The information included herein is believed to be accurate 
and reliable. However, LSI Computer Systems, Inc. assumes 
no responsibilities for inaccuracies, nor for any infringements 
of patent rights of others which may result from its use. 


OUTPUT DATA BUS 


B CE 


Let Be eae! _ C CEl__ END OF SCAN 
EN SC RESET SC 


N SC RESET SC 


ig ee cE 
| EN SC RESET sc 
ENABLE Ss 
SCAN RESET 
SCAN a ee 
ILLUSTRATION OF A3 DEVICE CASCADE 
FIGURE 4 


SCAN RESET Nae a SO eae ee ee ae eg 


| 
| 
: { | | 
oe ee, | | | 
CASCADE ENABLE A eg eee Oe 


CASCADE ENABLE B 


CASCADE ENABLE C | 
(END OF SCAN) | 


DATA BYTE ON BUS WC SS 


PACKAGE 
A B | C | 


TIMING DIAGRAM 
FIGURE 5 


INHIBIT TO COUNT INPUT A 


COUNT PULSES O 


(Same as input to 
ALT COUNT A) 


COUNT PULSES 


INHIBIT AG 


i ac ae es 


Cc * 
(* Reference LS7062 Block { 
Diagram, Figure 7) 
NOTE: Count Input A may only change during positive portion of Count Pulses (Alt Count A) 
when Count Input A is used as an Inhibit. 


SYNCHRONIZING INHIBIT WITH COUNT PULSES FOR COUNTER A 
FIGURE 6 


-B Manufacturers of Custom and Standard LSI Circuits. 
1235 Walt Whitman Road, Melville, New York 11747. (516) 271-0400. TWX: 510 226-7833. 
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LSI/CSI =: LS7066 — 


24 BIT MULTIMODE COUNTER 


FEATURES: 


e@ Microprocessor Compatible Three State I/O Bus. 
e Programmable modes are: Binary, BCD. 24 hour 
clock up, down, = N, x4 quadrature and single 
cycle. These modes can co-exist in different 
combinations. 
e DC to 4 MHz 
e 24-Bit comparator for pre-set count comparsion. 
e Readable status register. 
e Input/Output TTL -oriratible. CONNECTION DIAGRAM — TOP VIEW 
e Single +5VDC power supply. STANDARD 20 PIN PLASTIC DIP 
e 20 pin Plastic Dip. 


GENERAL DESCRIPTION — 
(Write Input) WR LY 


The LS7066 is a monolithic, ion implanted MOS 24-bit | er i 
counter that can be programmed to operate in several (Chip Select Input) CS 
different modes. The operating mode is set up by (Load Counter/Load Latch) LCTR/LLTC 
writing control words into internal control registers (see ———— 
figure 8). There are three 6-bit and one 2-bit control (A. B. Gate/Reset Counter) ABGT/RCTR 
registers for setting up the circuit functional characteris- VDD (+ 5V) 
tics. In addition to the control registers, there is a 5-bit 


VSS (GND) 

RD (Read Input) 

c/D (Control/Data Input) 
. BW (Borrow Output) 

CY (Carry Output) 


output status register (OSR) that indicates the current (Count input) A) “i 
counter status. The LS7066 communicates with exter- (Count Input) B D6 
nal circuits through an 8-bit three state I/O bus. Control D0 [at DS 
and data words are written into the LS7066 through 

the bus. In addition to the I/O bus, there are a number Dt || D4 
of discrete inputs and outputs to facilitate instantaneous D2 D3 


hardware based control functions and instantaneous 
Status indication. 


REGISTER DESCRIPTION 


The following hardware registers are addressable 
through the |/O bus. The addressing modes of these 
registers are listed in Table 1. 


Output Status Register (OSR). The OSR is a 5-bit read 
only register that holds the counter status information at 
any given time. When read, the OSR bit 0 through 4 are 
placed on the I/O bus, DO through D4 respectively. The 
OSR bits contain the status information as follows: 


Bit 0: Borrow toggle flip-flop (BWT). This flip-flop. 


changes State every time the counter (CNTR) 
underflows. 
Bit 1: Carry toggle flip-flop (CYT). This flip-flop 
changes state every time the CNTR overflows. 
Bit 2: Compare toggle flip-flop (COMPT). This 
flip-flop changes state every time CNTR 
equals to preset register (PRO-PR2). 


LS7066 


result from its use. 
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The information included herein is believed to be 
accurate and reliable. However, LS! Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 
any infringements of patent rights of others which may 


Bit 3: Sign register. The sign register is set to ‘'1"’ whenever 
CNTR underflows indicating that a borrow has taken 
place. It resets to ‘‘0’’ when CNTR overflows indicating 
a carry. This register is also reset whenever CNTR is 
reset. 7 

Bit 4: UP/DN Indicator. In quadrature mode, when set to 
‘‘1,"’ this bit indicates that the counter is operating in 
the UP count mode. When reset to ‘‘0,’’ it indicates 
that the counter is in DOWN count mode. When not in 
quadrature mode this bit is forced to a ‘'1.”" 


Preset Register (PR).. The preset register is made of three 8-bit 
registers, PRO, PR1 and PR2, in concatenation to make one 
24-bit register. Data is written into the 3 individual registers with 
one register being addressed at a time. The 24-bit data can then 
be transferred into the CNTR all at once. 


Output Latch (OL). The output latch is a 24-bit register made of 
three 8-bit registers OLO, OL1 and OL2. Data from the CNTR can 
be transferred all at once into the OL. OLO, OL1and OL2 can then 
be individually addressed to be read on the I/O bus. 


Master Control Register (MCR). The MCR is a 6-bit write only 
register. A control word written into the MCR sets up the chip 
characteristics in the following manner: 

DO = 1: Resets the PR/OL address counter. 


D1 = 1: Loads the OL with the CNTR value. 

D2 = 1: Resets the CNTR borrow toggle flip-flop, the carry 
toggle flip-flop and the sign register. 

D3 = 1: Loads the CNTR with the PR value. 

D4 = 1: Resets the compare toggle flip-flop. 

D5 = 1: Master reset. The master reset presets the PR to all 


‘T's’ and resets the following: the CNTR, all 
control registers (excepting the MCR), the OL and the 
OSR. Note that a master reset overrides D1 and D3. 


Input Control Register (ICR). The ICR is a 6-bit write only register 
that controls the operating modes of the 4 discrete inputs called 
A, B, ABGT/RCTR and LCTR/LLTC. A counter decrement or 
increment may also be caused by writing the proper control word 
into the ICR. The functions of the different bits of the control word 
are as follows: 

DO = 0: Sets up A as up count input and B as down count 

input. 


DO = 1: Sets up A as the count input and B as the count 
up/down direction control input. (See note 1) 

D1 = 1: Increments CNTR once. (See note 2) 

D2 = 1: Decrements CNTR once.(See note 2) 

D3 = 0: Disables inputs A and B. 

D3 = 1: Enables inputs A and B. 

D4 = 0: ABGT/RCTR input is set up as the counter external 
reset input. 

D4 = 1: ABGT/RCTR input is set up as the A and B 


enable/disable gate. | 
D5 = 0: LCTR/CLTC input is set up as the external load 
command input for the CNTR. 
: LCTR/CLTC input is set up as the external load 
command input for the OL. 


NOTE 1: When B is Setup as UP/DN control input, B may switch 
only when A is high. 

NOTE 2: When incrementing or decrementing the CNTR by writing 
into the ICR, inputs A and B, if enabled, must be held high. 


Output/Counter Control Register (OCCR). fhe OCCR is a 6-bit 
write only register. A control word written into the OCCR sets up 
the counter and the output characteristics in the following 
manner: 

DO = 0: Sets counter to binary mode. 

DO = 1: Sets counter to BCD mode. 


: Sets counter to non-recycle mode. !n this mode, 
the counter counts for only one cycle beginning 
with a counter ‘‘reset’’ or ‘‘load’’ command and 
ending with the generation of a carry or a borrow. 
Following that, the counter is inhibited until a new 
reset or load command is applied. 


D2 = 1: Sets counter to divide by N mode. 
D3 = 1: Sets counter to 24 hour clock mode.(See note 3) 
D4, D5: These two bits control the CY and BW output lines 
as follows: 
D5 D4 ey ee 
Q 0 Enables active low carry and borrow on CY and BW 
respectively. | = 
0 1 Enables the carry and borrow toggle flip-flops on CY 
and BW respectively. : Been es 
1 Q Enables active high carry and borrow on CY and BW 
respectively. = 
1 1 Enables comparator output on CY and compare 


toggle flip-flop on BW respectively. 
NOTE 3: 24 hour mode overrides binary or BCD mode. 


Quadrature Register (QR). The QR is a 2-bit register that enables 


inputs A and B to count in the X4 quadrature mode. In this mode, 
“A clocks’’ leading ‘‘B clocks,’’ generate internal up clocks whereas 
“B clocks’ leading ‘‘A clocks’’ generate internal down clocks. 


An internal clock is generated for every transition of either A or 
B clock. The QR Control word assignment is as follows: 


DO = 0: Disables quadrature mode 
DO, 01=1 ~— Enables quadrature mode 
TABLE 1 - Register Addressing Modes 

D7 D6 C/D RD WR CS COMMENT 

X X X X X 1 Disable Chip. 

0 0 1 1 715 O Write to Master Control Register 
(MCR). 

0 1 1 1 “Lt 0 Write to input control register 
(ICR). 

1 QO 1 +1 VF O Write to output/counter control 
register (OCCR). 

1 1 #4 “LS 0 Write to quadrature register (QR). 

X X 0 1 Tf O Write to preset register (PR) and — 
increment register | address 
counter. (See note 4) 

X X 0 15° 1 =O Read output latch (OL) and 
increment register address 
counter. (See note 4) 

xX X 1 TW 1 O Read output status register (OSR). 

X = irrelevant 


“LI = Negative Pulse 


NOTE 4: Following any control read/write operation a data 
Read/Write sequence must be preceded by an ‘*Address 
Counter’ reset instruction. 

1/0 Description: (See register description for 1/0 

Programming.) | 

DataBus (DO-D7) (Pin 8-Pin 15). The 8-line data bus is a 

three-state I/O bus for interfacing with the system bus. 

CS (Chip Select Input) (Pin 2). A logical ‘‘0"’ at this input 

enables the chip for Read and Write. 

RD (Read Input) (Pin 19). A logical ‘'0"’ at this input enables the 

OSR and the OL to be read on the data bus. 
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WR (Write Input) (Pin 1) A logical ‘‘0” at this input enables the 
data bus to be written into the control and data registers. 


C/D (Control/Data Input) (Pin 18). A logical ‘1’’ at this input 
enables a control word to be written into one of the four control 
registers or, the OSR to be read on the 1/0 bus. A logical ‘‘0’’ on 
the other hand enables a data word to be written into the PR, or 
the OL to be read on the I/O bus. 


A (Pin 6). Input A is a programmable count input capable of 
functioning in three different modes, such as, up count input, 
down count input and quadrature input. 


B (Pin 7). Input B is also a programmable count input that can be 
programmed to function either as down count input, or count 
direction control gate for input A, or quadrature input. When B is 
programmed as count direction control gate, B = O enables A as 
the UP Count input and B = 1 enables A as the DN Count input. 


ABGT/RCTR (Pin 4) This input may be programmed to function 
as either inputs A and B enable gate or as external counter reset 
input. A logical ‘‘0’’ is the active level on this input. 


LCTR/LLTC (Pin 3) } This input can be programmed to function 
as the external load command input for either the counter or the 
OL. When programmed as counter load input, the counter is 
loaded with the data contained in the PR. When programmed as 
the OL load input, the OL is loaded with the data contained in the 
counter. A logical ‘‘0’’ is the active level on this input. 
CY (Pin 16). his output pin can be programmed to serve as one 
of the following: 

A. CY. True carry out (active ‘‘0’’). 

B. CY. Complemented carry out (active ‘‘1’’). 

C. CYT. Carry toggle flip-flip out. 

D. COMP. Comparator out (active ‘‘0’’). 
BW (Pin 17). This output can be programmed to serve as one of 
the following: 

A. BW. True Borrow out (active ‘‘0’’). 

B. BW. Complemented borrow out (active ‘‘1’’). 

C. BWT. Borrow toggle flip-flop out. 

D. COMPT. Compare toggle flip-flop out. 


VDD (Pin 5). Supply voltage positive terminal. 
VSS (Pin 20). Supply voltage negative terminal. 


Absolute Maximum Ratings: 


Parameter Value Units 
Voltage at any pin —0.5to 12 Volts 
with respect to VSS 
Operating Temperature Oto +70 °C 
Storage Temperature —65 to +150 °C 


DC Electrical Characteristics. (All voltages referenced to VSS. 
Unless otherwise specified, VDD = 5V.) 


Parameter Symbol Min. Value Max. Value Unit Remarks 
Supply Voltage VDD 4.75 5.5 Volts - 
Supply Current IDD 20 35 mA - 

Input Low Voltage Vi — 0.8 Volts - 
Input High Voltage Via 2.0. S: Volts Z 
Output Low Voltage Vow - 0.4 Volts @ 4mA Sink 
Output High Voltage Von 2.5 - Volts @ 200ua Source 
Input Current - - 15 nA Leakage Current 
Output Source Current — karc 200 — UA = =@Von = 2.5V 
Output Sink Current nk 4 - mA @VWu=0.4V 
Data Bus Off-State 
Leakage Current - - 15 nA 

L$7066 


LSI/CSI 


TRANSIENT CHARACTERISTICS. (See timing Diagrams in 
Fig. 2 through Fig. 7.) 


Parameter symbol Min. Value Max. Value Unit 
Clock A/B ‘Low’ Tcl 125 ~ ns 
Clock A/B High”’ Tch  ~— 125 ~ ns 
Clock A/B Frequency fc ~ 4 MHz 
(see note 5) 
Clock UP/DN Reversal Tudd 125 - ns 
Delay 
LCTR Positive edgeto = Ti 125 - ns 
the next A/B positive OR 
negative edge delay 
Clock A/B to _ Tat 160 ns 
CY/BW/COMP *‘low’’ 
propagation delay 
ClockA/B | Tesx 350 ns 
to CY/BW/COMP 
high’ propagation 
delay 
LCTRandLLTC pulse — Ticy 70 = ns 
width 
Clock A/Bto CYT, BWT Trey 300 ns 
and COMPT “high” 
propagation delay 
Clock A/B to CYT, BWT Tre, 300 ns 
and COMP “‘low’’ 
propagation delay 
WR pulse width Tww 400 _ NS 
RD to data out delay Tro 400 ns 
WR to WR/RD Delay Two 800 ~ ns 
(See note 6) 
Data set-up time forWR — Tos 0 = iB 
Data hold time for WR Tha 10 = ns 
CS,C/Dset-uptimeforRD — Tears 0 4 ns 
CS,C/DholdtimeforRD = Teau 10 a ns 
CS, C/Dset-uptimeforWR Tews 0 = ns 
CS, hold time for WR Town 10 = ns 
Quadrature Clock 
Clock A/B ‘low’ Teva 1500 -~ ns 
Clock A/B “high” Tero 1500 _ ns 
A and B phase delay Tox 750 — ns 
Clock A/B frequency feo = 333 KHz 


NOTE 5: In divide by N mode, the maximum clock frequency is 
3MHZ. 


NOTE 6: If a write to the LS7066 is followed by a RD/WR with TWD 
< 800 ns, erroneous data could be written into the LS7066 
even if the second RD/WR was not directed to the 
LS/066. For systems with TWD<800ns, the LS7066 
RD/WR inputs must be gated with CS input as shown in 
fig. 9. 


9-47 


UP CLK IA) 


ON CLK (8) 


Qo 

Q, 

INTERNAL 

Q2-923 
INTERNAL | 


ae CNTR*FEFEFE | CNTR*FFFFFF | CNTR-000000 | CNTR+000001 | CNTR=000000 | CNTR@FFFEFF | cura-rereere| CNTRAFFFFFO | 
(PR=CNTA) (PR°CNTRI 
come 
VNOTE 2 ¢ 
YL. 
CY 
aw 


FIGURE 2- LOAD COUNTER, UP CLOCK, DOWN CLOCK, COMPARE OUT, CARRY, BORROW 


Note 1: The counter in this example, is assumed to be operating in the binary mode. 
Note 2: No COMP output is generated here, although PR=CNTR. COMP output is disabled with a counter load command 
and enabled with the rising edge of the next clock, thus eliminating invalid COMP outputs whenever the CNTR 
is loaded from the PR. 
Note 3: When up Clock is active, the DN clock should be held ‘‘HIGH"” and vice verse. 


UP CLK/ON CLK 


CY oc cx 
— - ‘ oe a 


cyt 
BW 
ToBH 
Tren TreL 
COMP TD 


FIGURE 3 — CLOCK TO CY/BW OUTPUT PROPAGATION DELAYS 
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DATA BUS 


CS. CD 
—Sows lew Town 
WR 
Twp 
Tos Ton 


OATA BUS ’ VALID DATA 


FIGURE 4 — READ/WRITE CYCLES 
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Qo : 
(INTERNAL) | 
Q4 
(INTERNAL) 
Q2-923 
(INTERNAL) 


| CNTR=3 | =2 | =1 | =0 | =3 | =2 | =1 | =0 | =3 


CNTR LD 
eee tt~—“=i‘is~™S™SCsSY 
Oo ————ee—r?etC<“<=CSC:*‘ SS 


NOTE: EXAMPLE OF DIVIDE BY 4 IN DOWN COUNT MODE. 


FIGURE 5- DIVIDE BY N MODE 
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CNTR LOAD 
(LCTR or MCR BASED) 


UP CLK or 
DN CLK 
CY or BW 
CNTR DISABLED CNTR ENABLED CNTR DISABLED 
FIGURE 6 - CYCLE ONCE MODE 
——_—_—_—_————— FORWARD (REVERSE ———_—___—__|___ 
_—Teru—> }#$ — Tena] 
A 
B 
INTERNAL UP CLK 
INTERNAL DN CLK 


UP/DN INDICATOR 
(OSR BIT4) 


<___—--—__——-— UP a ey 


FIGURE 7 —- QUADRATURE MODE 
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ioaTA BUS] 815 KC Seren KO a ae 


(CHIP SELECT INPUT) GS 
(READ INPUT) RD 19] 
(WRITE INPUT) WA 


(CONTROL/DATA INPUT) C/D] 14 


COUNT INPUT) A | 18 oe 

| 18] EY (CARRY OUTPUT) 
STATUS 

(COUNT INPUT) B LOGIC Bw (BORROW OUTPUT) 

(AB GATE/LOAD LATCH) ABGT/RGTR 


LOAD COUNTER/LOAD LATCH) LCTR/LLTC 


ISO/IST 


INTERNAL DATA BUS 


PR/OL 
ADDRESS 


PRO 
(BO B7) 
PR1 


(B8 - B15) 


PR2 


(B16 - B23) 


PR/OL ADDRESS 


(+5V) VDD 


FIGURE 8 — LS7066 BLOCK DIAGRAM 


LG-S 
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FIGURE 9 
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Manufacturers of Custom and Standard LSI Circuits 
1235 Walt Whitman Road, Melville, NY 11747 

TWX: (510) 226-7833 
Telephone: (516) 271-0400 


FAX: 516 271 0405 


LS7100 BCD TO 7-SEGMENT LATCH/DECODER/DRIVER 


for liquid crystal (dynamic scattering) displays 


FEATURES: 
® Up to —50V Segment Output 
© All Inputs are TTL or CMOS Compatible 
@ Internal Pull-Down Resistors on all Inputs 
© Operating Voltage Range From —5V to —60V 


DESCRIPTION: 


The LS7100 is a monolithic, ion implanted MOS, BCD to 
7-segment latched decoder/driver capable of driving displays 
over a wide voltage range. 


This circuit is specifically intended to drive large light scatter- 
ing liquid crystal displays. 


DESCRIPTION OF OPERATION: 


COMMON (COM) INPUT 
COM is the common source for 7 internal FET Switch seg- 
ment outputs. 


A, B, C, D AND LOAD (LD) INPUTS 

The BCD (or binary) data applied to the A,B,C,D inputs 

are latched into internal flip-flops when the LD input is 
high. If the input data changes while LD is high, the flip- 
flops will follow the input data. When LD is low, the inputs 
are isolated from the flip-flops. The latched data are decoded 
to 7-segments to control the opening and closing of the 

segment switch outputs (See display format for 0-15 binary 
decoding). 


Each of these inputs has an internal pull-down (to logic ‘’0’’) 
resistor. 


SEGMENT OUTPUTS 

The segment outputs are open-drain outputs of FET switches, 
with COM input as the common source. The electrical path 
from COM to any segment output is effectively an analog 
switch which can be either closed or opened by decoded data 
stored in internal latches associated with A,B,C,D inputs. 
The display segment drive wave-forms are not generated inter- 
nally. The desired output wave-forms must be applied to the 
COM input. When a segment analog switch is closed, the 
drive wave-form at COM is connected to the respective output 
and when the switch is open, the output is cut off from 
COM and has very high impedance. 


Revised January 1986 


PIN ASSIGNMENT DIAGRAM 


LOAD DISPLAY IN, LD LJ1 16 |_J Vss (4) 


> 
ol 
Oomrnoawoe * © 


TOP VIEW 
STANDARD 16 PIN DIP 
FIGURE 1 


BLANKING (BI) INPUT 

Blanking of the display is provided by the BI. When BI is high, 
all FET switches are opened thereby turning off display seg- 
ments. When BI is low, the selected FET switches are closed. 


BI has an internal pull-down (to logic 0”) resistor. 


INPUT INTERFACE 

LS7100 inputs can be interfaced with TTL, CMOS, NMOS 
or PMOS outputs by connecting VSS to the positive terminal 
(output logic ‘1’, reference supply) of the TTL, CMOS, 
NMOS or PMOS supply. 


ABSOLUTE MAXIMUM RATINGS: 
(All voltages referenced to Vg, Pin 16) 


SYMBOL 
Vop 
Vey 
VIN 
Ta 
Tstg 


DC Supply Voltage 
Common In 

All other inputs 
Operating Temperature 
Storage Temperature 


VALUE 
+0.3 to —60 
+0.3 to —60 
+0.3 to —30 
—40 to +70 
—65 to +125 


ELECTRICAL CHARACTERISTICS: 
—40°C <T,< 70°C unless otherwise specified 
Vss = 0 unless otherwise specified 


PARAMETER 
POWER SUPPLY 
Vop 

iDD 


MIN 


—5 


COMMON INPUT 
Vcom High 
Vcom Low 


VcomLow —Vsg 
Leakage Current 


Vopt3 


ALL OTHER INPUTS 


Input High Voltage 
Vin. nl bald 


Input Low Voltage 
Vv; Ly “g" 


—i.5 


Vop 
—15 
Input High Current 
lH 
Input Low Current 
He 


SEGMENT OUTPUTS 


OFF Segment 
Leakage Current 


ON Segment 
Output Current 


TYP 


Vopti10 


40 


40 


SWITCHING CHARACTERISTICS* 


Vop = —40V, Ta = 25°C 
(Outputs unloaded) 


PARAMETER 


BCD data set up time 
BCD data hold time 
Load pulse width 
BCD data pulse width 
Blank to seg off delay 
Blank to seg on delay 
Load to seg on delay 
Load to seg off dealy 
Propagation delay 
from COM input 

to any segment 
output 


*See Figure 3. 


SYMBOL 


MIN 


UNIT 


UNITS 


LA 


<<< 


nA 


mA 


MAX 


300 


CONDITIONS, REMARKS 


@Vpp = —40V 


@V op = —40V, Von :3V< Veoms —0.5V 


Vop2-—15V 
Vpp<—15V 


Ta = 25°C 


Ta = 25°C 


@V pp = —40V, Vop +3V< Vsegs—0.5V 


Maximum recommended 


UNIT 


BEREEEE BA 


The information included herein is believed to be accurate and relial 
However, LS! Computer Systems, Inc. assumes no responsibilities 
inaccuracies, nor any infringements of patent rights of others wh 
may result from its use. 


Voop 
BLANKING IN.BI 
COMMONIN,COM 


A a 
¥ — : Bee Vop = ~40V 
p—* i mee ee aces, Cee || 
BCD o ewa ty mb I2__y \ SEGMENT 
nee z assl 4 | OUTPUTS 
s— = Ow wi ene cae 3. 
é—2 ee ee IS 


LOAD DISPLAY IN, La ——_! LS7100 16 


LS7100 FUNCTIONAL DIAGRAM 
FIGURE 2 


-—10 —20 —30 -—40 
(Vop - Vcom), VOLTS 


FIGURE 4 
CHANNEL ON RESISTANCE, Ron 


SEGMENT OUTPUT 


| —»| le— tei 
| 


TIMING DIAGRAM 
FIGURE 3 


DISPLAY FORMAT 
a 
(| |b 
TA ey 
3 4 5 6 7 8 9 0 WW 2 8 1 do 


FIGURE 5 
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0 ; 2 


FOR LCD DRIVE 
VOLTAGE REG’D 
+5 to+15 VDC “” ” 


9 to 15V 


CMOS OR TTL 


R1,R2,k025% 1$ 47 3.9 2.2 
AW %W %W LW 


R3,R4,k025% 33.2.2 22 2.2 
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LS7110 Binary Addressable Latched 8 Channel Demultiplexer/Driver 


for liquid crystal (dynamic scattering) displays 


MARCH 1981 


FEATURES: 


© Up to —50 Volts Output 

@ All Inputs are TTL and CMOS Compatible 

° Internal Pull-Down Resistors on all Inputs 

© Operating Voltage Range From —5V to —60V 


DESCRIPTION: 

The LS7110 is a monolithic, ion implanted PMOS demulti- 
plexer/driver. It has 8 binary addressable latched output 
channels capable of driving loads over a wide voltage range. 
The circuit is intended to drive large light scattering liquid 
crystal displays. 


INPUT/OUTPUT DESCRIPTION: (See Figure 3.) 


DESCRIPTION OF OPERATION: 
COMMON (COM) INPUT 


COM is the common source for 8 FET-switch channel out- PIN ASSIGNMENT DIAGRAM 
puts. 


DATA (D) AND LOAD (LD) INPUTS 


| : 01 16 _J VSS(+ 
Data applied to the D input is loaded into one of eight {1 2 


The eight channel outputs are open-drain outputs of FET 


switches with COM input as the common source. The elec- 
trical path from the COM to any of the channel outputs ts 


effectively an analog switch which is closed or opened by the 


associated flip-flop output. The channel output wave forms 


are not generated internally. The desired output wave form 


must be applied to the COM input. 
The channel outputs are bidirectional in nature, so that any 
channel output can also be used as an input. In such usage 


however, the COM input has to be floated or used as an output. 


"internal flip-flops when the LD input is high. If input data Dm3 1417] 03 
| changes while LD is high, the flip-flops will also change Lp 4 04 
accordingly. When LD is low, the flip-flops are isolated from A4 [715 1217] 05 
the D input. The output of each flip-flop drives one of the | A2 (16 1111 06 
channel output (0) FET switches. A logical ‘’1'’ at the D Al (7 107) 07 
input turns the selected switch ON (switch closed) and a (-)vDb LJ8 97] COM 
“0” turns the switch OFF (switch open circuited). Both 
of these inputs have internal pull-down (to logic ‘’0") re- 
sistors. TOP VIEW 
STANDARD 16 PIN DIP- 
CHANNEL OUTPUTS (00 through 07) FIGURE 1 


INPUT INTERFACE 


LS7110 inputs can be interfaced with TTL, CMOS, NMOS, 
or PMOS outputs by connecting Vg to the positive terminal 
of the TTL, CMOS, NMOS or PMOS supply. 


ABSOLUTE MAXIMUM RATINGS: 
(All voltages referenced to Vag, Pin 16) 


PARAMETER SYMBOL VALUE UNITS 
DC Supply Voltage Vop +.3 to —60 V 
Common In Vey +.3 to —60 V 
All other inputs Vin +.3 to —30 V 
Operating Temperature Ta —40 to +85 ¢ 
Storage Temperature Tstg —65 to +125 oC 
ELECTRICAL CHARACTERISTICS: 
—40°C < Tp, £ 85°C unless otherwise specified. 
Vg = O unless otherwise specified. 
Vop = —40 unless otherwise specified. 
PARAMETER SYMBOL MIN TYP MAX 
Supply Voltage Vop —5 — —60 
Supply Current lop | — 1.0 — 
Common IN HI Vitg VciH = Vss--5 Vos 
Common IN LO Vitg VecIL Vopt3s Vppt10  - 
Vei_—s = = -  —60 
Common IN — — — 5 
Leakage Current 
ALL OTHER INPUTS: 
Input Hi Vitg Vin Vsg-1.5  —- Vss 
Input LO Vitg VIL Vpp = Vsg—4 
Vssg—15 _ Vss—4 
Input HI Current NH — _ 40 
Input LO Current le = _ 40 
CHANNEL OUTPUT (0): 
Off Channel 
Leakage Current lo. _ oa 5 
On Channel Source 
Current@V c, =0 los 100 _ - 
1 = = 
5 - = 
10 ~ — 
-On Channel Source 
Current @V,, =Vpp+10V los 100 _ - 
500 — — 
900 — — 
Common Input to 
Channel Output 
Voltage Drop 
@Vc) =0 Veai-Voc 1.5 — — 
6.0 — _ 
Common Input to 
Channel Output 
Voltage Drop 
Ve, =Vop +10V Vei-Voc 0.4 = =< 
2.5 _- - 


NOTE: Maximum recommended source current, log max = 5mA. 


<< < 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


CONDITIONS, REMARKS 


@V pp= —40 


@V pp =-40V, Von t3VS Voy S Veg 


@Vpp2—15V 
@V pp<—15V 
@T a = 25°C 
@©Tp = 25°C 


@Vcin—-Voc = 0.15V 
@Vcin—-Voc = 1.5V 
@Vcin—-Voc = 6.0V 
@VeiH—Voc =14.0V 


@Ve;-Voc =0.4V 
@Vci-Voc =2.5V 
@Vci-Voc =10V 


@Gloc =1mA 
@loc =5mA 


@loc =100uA 
@loc =500uUA 


SWITCHING CHARACTERISTICS: (See Fig. 4, see note below) 
Vg = 0, Vopp = —40V, Ta = 25°C unless otherwise specified. 
TRUTH TABLE FOR OUTPUT SELECTION 


PARAMETER SYMBOL MIN TYP MAX UNIT 

Address Set-Up Time tas 0 _ _ a : : - / : . a ‘ . é . ‘ : 
Address Hold Time tan 600 _ — n$ io ; ; Bae oe te es i 
Data Set-Up Time tos 0 _ — _ 1 0 . 4 a re oe ie 

Data Hold Time tou 500 _ _ n$ | 0 ; 0 ; > a ee os a 

Load Pulse Width try 800 is Z ns iD ike Se ee eh ae a 3 he ge See ee oe 

Address Pulse Width baw 15K _ Us cf ie ao ae tn we Bee ee 

Data Pulse Width ue if = " us ae ee ae, te et ee 

Turn-On Propagation Delay tpn —- 1.5 — Us ; ; ; : ay ; : eae = 

Turn-Off Propagation Dealy tpe — 1.0 _ Us ; aH or eae ee a 

Propagation Delay From Vcomy FIGURE 2 

to Channel Out tio - — 300 n$ 


NOTE: Channel outputs unloaded. 


| ——-———— 16 VSs 
-8 vo0 
DATA,D 3 
LD 4 00 
a 
O 01 
sa: > G-—— >» 
Ms GRE > eee mes ame ‘ 
= a ame 
Paci id ; qC 03 
gu —_ > CHANNEL OUTPUTS 
rs ae 
ADDRESS —— 04 
A2 re) a D () { >» 
p—t tq _)c qc 05 
== 
06 
res come i Le 
is Ge a aC 07 
Al 7 ate 4 > 
Sila a COMMON 


FUNCTIONAL DIAGRAM 
FIGURE 3 
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APPLICATION NOTE: 8 x 8 SWITCHBOARD MATRIX USING LS7110 
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FEATURES: 


e Programmable. Delay from Miliseconds to Hours 

e@ Can be Cascaded for Sequential Events or Extended Delay 
e Single Power Supply Operation +4.75V to +15V 

©0n Chip Oscillator 

e Alternate Clock Input 

o On Chip Power On Reset 

@ Internal Pull-ups on Inputs 

© Frequency Range to 160 KHz 

@CMOS Type Noise Immunity on All Inputs 

o All Inputs are CMOS, PMOS & TTL Compatible 


DESCRIPTION: 


The LS7210 is a monolithic, ion implanted MOS program- 
mable digital timer that can generate a delay in the range of 
6ms to infinity. The delay is programmed by 5 binary weigh- 
ted input bits in combination with the oscillator provided. 
The chip can be operated into 4 different modes: delayed 
Operate, delayed release, dual delay and one-shot. These 
modes are selected by the control inputs A & B. 


INPUT/OUTPUT DESCRIPTION: 
OSCILLATOR INPUT 


The frequency of the internal oscillator is set by an RC net- 
work connected to the OSC input, as shown in Figure 2. The 
R and C values for diffetent frequencies is given in Table 3. 


EXTERNAL CLOCK INPUT 


If the internal oscillator is not used, the chip can be driven by 
an external clock applied to this input. 


CLOCK SELECT INPUT 


- The internal oscillator or the external clock is selected by 
the proper logical level applied to this input. A logic “1” se- 
lects the external clock and logic’0” selects the internal os- 
cillator. The clock select input has an internal pull up resistor. 


TRIGGER INPUT 


A positive or a negative transition at the trigger input init- 
lates a delay in turning on or off the output. A negative trans- 
ition always turns on the output with or without delay 

depending on the selected mode. A positive transition at the 
trigger input always turns off the output (with the exception 
of one-shot mode) with or without delay depending on the 
the selected mode. The delay is a function of the oscillator 
frequency (or the external clock frequency) and the weight- 
ing factor programmed at the weighting factor inputs. The 
trigger input is clocked into the input latch with the negative 
edge of the external clock. All timings begin after the latch 
has been set up. The trigger input has an internal pull-up res- 

istor, 
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PROGRAMMABLE DIGITAL DELAY TIMER 


REVISED OCTOBER 1987 


CLOCK SELECTL4. 


OSCILLATOR [2 


EXTERNAL CLOCK 6 


VDD (-) 


TOP VIEW 
STANDARD 14 PIN DIP 
Figure 1 


Weighting 
Factor 
Inputs 


WEIGHTING FACTOR INPUT, LSB - MSB 


A delay from the trigger input to the output is programmed 
by applying 1’s complement binary weighted numbers at 
these 5 inputs. The exact equation for the delay is: 


Delay = {1+ 1.023N) See Fig. 5 Note 3 


Where f = The oscillator frequency and N = Weighting 
factor. All the weighting factor inputs have internal pull- 
up resistors. : 


TABLE 1 

WEIGHTING BITS ASSIGNMENT 
Input Value 
LSB 1 
LSB + 1 2 
LSB + 2 4 
LSB+ 3 | 8 
MSB 16 


Example: For a weighting factor of 25, inputs MSB, 
LSB +3, and LSB should be programmed to logic ‘’0’’. 


MODE SELECT INPUTSA&B 


The chip can be programmed to operate in 4 different modes 
by applying the logic levels to inputs A & B as indicated in 
Table 2. The mode select inputs are clocked into the input 
latches with the negative edge of the external clock. These 
inputs should not be changed while a delay timing is in 
progress. The mode select inputs have internal pull-ups. 


MODE DEFINITION: (See Figure 3) 

DUAL DELAY MODE 

This is the Default Mode when the inputs A & B are left un- 
programmed. The function of the Dual Delay mode is to 
provide a time delay on both the turn-on and turn-off of the 
output. Once turned on, the output will remain on as long 
as the trigger input is logic 0’. Once turned off, the output 
will remain off as long as the trigger input is a logic ‘1’. 


DELAYED OPERATE MODE 


This mode causes a retriggerable delay in turning the output 
on in response to a negative edge at the trigger input. The 
output is turned off withour delay in response to a positive 
transition at the trigger input. 


DELAYED RELEASE MODE 
This mode causes a retriggerable delay in turning off the out- 


put whenever there is a positive transition at the trigger input. 


The output is turned on without delay in response to a neg- 
ative transition at the trigger input. 


ONE-SHOT MODE 


In this mode, the chip functions like a retriggerable mono- 
stable multi-vibrator. The output is turned on whenever there 
is a negative transition at the trigger input. At the end of the 
programmed delay, the output is turned off automatically. 
If there is a negative transition at the trigger input before the 
delay is over, the delay is restarted. A positive transition at 
the trigger input has no effect on the output in this mode. 
OUTPUT 


The output is an open drain FET. To obtain proper switch- 


ing of the output between logic ‘0’ and “1” levels, an ex- 


ternal pull down resistor to Vpp must be used. If the out- 
put is used only as a current source, no such pull down is 
needed. The output is logically inverted with respect to the 
trigger input. 


TABLE 2 
MODE SELECTION 

CONTROL MODE 
A B 
1 1 Dual Delay 
1 0 Delayed Release 
0 1 Delayed Operate 
0 0 One Shot 

TABLE 3 


OSCILLATOR FREQUENCY COMPONENT 
SELECTION CHART* 


C(pF) @Vog=t5V @Vog=+10V @Vog=+15V | 
100 | 128 KHz 139 KHz 185 KHz 
200 79 KHz 83 KHz 85 KHz 
500 37. KHz 37 KHz 36 KHz 
1000 22 KHz 21 KHz 20 KHz 

50000 | 610 #4Hz 500 Hz 475 Hz 
100 15 KHz 16 KHz 16.5 KHz 
200 9 KHz 9.5 KHz 9.5 KHz 
500 4 KHz 4 KHz 4 KHz 
1000 2.4 KHz 2 KHz 2 KHz 

50000 63 Hz 51 Hz 47 Hz 
100 4.2 KHz 4.7 KHz 5 KHz 
200 2.5 KHz 2.7 KHz 2.8 KHz 
500 1.1 KHz 1.1 KHz 1.1 KHz 
1000 | 670 + 4Hz 617 Hz 610 Hz 

50000 17. ~=— Hz 14 Hz 14 Hz 

10uF .02 Hz .015 Hz .013 Hz 


*NOTE: Frequency values are typical 


Accuracy + 10% from Chip to Chip 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 


inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. 


ABSOLUTE MAXIMUM RATINGS: (All voltages referenced to Vpp) 


SYMBOL ~ VALUE UNITS 
DC Supply Voltage Vss +18 V 
Voltage (Any Pin) Vin 0 to Vso t.3 V 
Operating Temperature Ta —25 to +70 0c 
Storage Temperature ee —65 to +150 sab 


8 9 10 11 12 
VSS(+) 5 000 9g 


VSS (+) | | wee 
ie CLOCK SELECT IN | MP OPELER 
niin ae 


‘ EXT CLOCK IN eA abr 
° ea 
iz mlleal ie le VSS (+) 
L =} |i tit i] led 


“| CLOCK PRESCALER OUTPUT 
SELECT ~ + 1023 : ner > LATCH ‘ NS 
LOGIC (NOTE 3) 7 OUT 


POR 
GENERATOR 


2 0 
5 CONTROL 
LOGIC 
10 
VSS(+) 
+4.75 to 15 VDC 
Vss $$ $$ ———___—___—_—o 14 
7 GND 

TRIGGER VDD: = 
3¢ 2 >| LATCH 

LS7210 BLOCK DIAGRAM NOTES: 

FIGURE 5 (1) Oscillator FET device can source: 0.6mA @ VSS = +5V 


1.6mA @ VSS = +10V 
2.7mA @ VSS = +15V 


(2) All resistors shown represent a nominal 3 ya constant current source. 


(3) +1023 is standard. Any number from 1 to 1022 can be mask programmed. 


TRIGGER Se ee te |: ee 


+V 


| - , | | 
+V . | | | | 


| | 
OUT (DELAYED OPERATE) | | — | | Le > 
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I | | 
| } | = 
| | | | { 
| A A A 
OUT (ONE-SHOT) | | <A | 


pe — 


(A) | (B) (E) 


LS7210 


FIGURE 3 — MODE DEFINITION TIMING DIAGRAM 


FIGURE 2 — LS7210 OSCILLATOR CONNECTION 
A — Turn-off delay in ‘‘Dual Delay”’ and ‘’Delayed Release’’ mode. 


B — Turn-on delay in ‘‘Dual Delay” and ‘‘Delayed Operate’mode; one-shot period in 
“‘one-shot’’ mode. 

C — Output remains on in ‘‘Delayed Release” and ‘‘Dual Delay’’ modes due to negative 
“‘trigger’’ transition before the turn-off delay is over. 

D — Output remains off in*‘Delayed Operate’ mode due to positive trigger transition 
before the turn-on delay is over. 

E — One-Shot period extended by re-triggering. 

NOTE: 4is the programmed delay. 
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FIGURE 4 — LS7210 TIMING DIAGRAM 


Note 1. — A,B and trigger inputs are clocked into the input latches with the negative edge of the ext. clock. 


Note 2. — In all modes except One-Shot, the output changes with the positive transition of the ext. clock. 
In One-Shot mode the output is turned on with the negative transition and turned off with the 
positive transition of the ext. clock. 


DC ELECTRICAL CHARACTERISTICS: 
—25°C<T Ax +70°C unless otherwise specified 
All voltages referenced to Vpp 


PARAMETER SYMBOL MIN MAX UNITS CONDITIONS 
Supply Voltage Vss +4,75 +15.0 V 
Supply Current Iss — 3.0 mA Vsg =+15V, output off 


Trigger Input 


Logical 1" VTH +4 + 5 V @Vss=+ 5V 
+0 +10 V @Vss = +10V 
+14 +15 V @Vss=+15V 
Logical ’’0" VTL 0 + 1 V @Vss=+ 5V 
0 + 2 V @Vss = +10V 
0 + 3 V @Vss = +15V 
All Other Inputs 
Logical “1” Vin +4 + 5 V @Vsog 2+ 5V 
+8 +10 V @Vss = +10V 
+12 +15 V @Vog = +15V 
Logical “‘0” Vit 0 +1.0 V @Vss=+ 5V 
0 +2.0 V @Vss = +10V 
0 +3.0 V EVss =+15V 
Output 
Source Current lo +550 — LA @V)=+ 4.5V, Vsg =t+ 5V 
+1.0 _ mA @V,=+ 4.0V, Vsg =+ 5V 
+2.8 —_ mA @V,)=+ 9.0V, Vss =+10V 
+4.9 - mA @V5=+ 8.0V, Vss =+10V 
+4.2 — mA @V) =+14.0V, Vsg =+15V 
+8.1 — mA @V = +13.0V, Vsg =+15V 


SWITCHING CHARACTERISTICS: 
(See Figure 4) 


PARAMETER SYMBOL MIN TYP MAX UNITS 
Oscillator Frequency toe 01 Hz - 100KHz — 
External Clock 

Frequency foxt DC — 160KHz — 


External Clock 

Positive Pulse 

Width ty 3 _ = US 
External Clock 

Negative Pulse 


Width tL 3 = = US 
A, B and Trigger 

Input Set-Up 

Time ts - 200 300 ns 
EXT Clock to 


Output Delay 

(turn-on delay in 

delayed release mode 

and turn-off delay in 

delayed operate mode) t,,, — 700 1000 ns 
EXT Clock to Output 

Delay at the End of 

Time Out tod _ 1 1.6 Ls 
EXT Clock to Output 

Delay (turn-on Delay 

in One Shot Mode) tsq - 400 600 ns 


APPLICATION EXAMPLES 


UNSYMMETRICAL FLASHER 


SEQUENTIAL TURN ON 
ouria 1 B [|i \4{_] VSs(+) 7 
ee +V 
Pe A. 2 I3{] OUT : | 


OU! 


BUU'S 14] Jvssi+) — 
OUT (41+ 32) +V TRIGGER e 3 12 ie! LSB 

TRIGGER L| 3 Jase — 
CLOCK SELECT| | 4 WJ usse — 


O5uF CLOCK SELECT| | 4 tl | Cope 


oscittaTor(] 5 1o|_lisas2 — * Ge OSCILLATOR |_| 5 101 | tse+z —-) * 


in OSCILLATOR] | 5 lo} | CSB+2 


EXTERNAL CLOCK [|_| 6 91 |ise+3 — 


EXTERNAL CLOCKL] 6 91] tsa+3 — 
voot-)[_] 7 8| Imsp — V voot-)L_] 6] } mss — EXTERNAL cLock] | é 9 id [sp33 
V ! 6.8K = 
*Connect for desired weighting factor. vppi-)| | 7 8| | MsB 
TRIGGER VV 


| f=3.17 KHz 47K 


. NOTE: Inputs A, B, in dual- delay mode. 
| For symmetrical flasher tie pins 8,9,10,11 & 12 to fixed 


OUT 1 | | weighting factor. 
| : : 
| A2 | he — 8.068 a 
| 
| 


OUT 2 | = 
*NOTE: OUT iw 1. 


Output of LS7210 is open drain FET. Some load to ground is required to cause output to go negative. | ges | 
| 323s 
FIGURE 6 FIGURE 7 


LS7210 IN DELAYED OPERATE MODE TO AUTO RESET WATCHDOG CIRCUIT 
ACHIEVE ONE TO 31 MINUTE DELAY 


FROM MPU 


O5.F cLock secect{ | 4 


0t2zs1 
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pea OSCILLATOR| |5 
it Weighting 2 Min a7k 
i leighting 
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| I 
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NOTE: Inputs A, B are in One Shot mode. 
In this application an output is generated whenever the perodic 
sampling signal from the MPU is interrupted. 


FIGURE 9 
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LS! COMPUTER: 


—  L$7220 


FEATURES: 


® Stand Alone Lock Logic 

@ 5040, 4 Digit Combinations 

@ Out of Sequence Detection 

© Direct LED and Lock Relay Drive 

© Chip Enable (For Automotive Applications) 

® Externally Controlled Convenience Delay 

@ Save Memory (For Valet Parking, etc.) 

@ Internal Pull Down Resistors on All Inputs 

® High Noise Immunity 

® Low Current Consumption (40 uA max@12V DC) 
@ Single Power Supply Operation (+5V to +18V) 
© Momentary or Static Lock Contro! Output 

@ All Inputs Protected 


DESCRIPTION: 


The LS7220 is a monolithic, ion implanted MOS 4 key 
keyless lock. The circuit includes sequential logic for inter- 
pretation of correct key closure; out of sequence detection 
circuitry, and save memory. 


DESCRIPTION OF OPERATION: 


SENSE: 

A logical ‘’1” at this input charges the external CON- 

VENIENCE DELAY capacitor, and enables the SELECTED 
KEYS inputs to be recognized in proper sequence and en- 
ables the lock control, lock indicator and save indicator 
outputs. A low at this input keeps all outputs in the OFF 
condition (logical ‘’0’’) and resets the device if the “SAVE 


MEMORY” was reset by a logical ‘1’ at the LOCK input. 


SELECTED KEYS: 

A sequence of logical ‘1's at the inputs 14, I9, I3, and 
Iq (in correct sequence) set the “SEQUENTIAL MEMORY”, 
causes the LOCK CONTROL output to go high and the 
LOCK INDICATOR to open. 
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Telephone: (516) 271-0400 


DIGITAL LOCK CIRCUIT 


REVISED NOVEMBER 1985 


14] VSS (+5V to +18V) 
13] LOCK CONTROL OUTPUT 


SENSE INPUT (ENABLE)| 1 | & 
UNSELECTED KEYS (RESET) | 2. 


11 [3 [12] CONVENIENCE DELAY 
SELECTED KEYS } !9/4) SAVE INPUT 
i eaeaheas lo (5. 10) SAVE INDICATOR OUTPUT 
la[6| '9 | VDD(Ground) 
LOCK INPUT [8] LOCK INDICATOR OUTPUT 


TOP VIEW 
STANDARD 14 PIN DIP 
Figure 1 


SAVE: 

A logical ‘'1” at this input sets the “SAVE MEMORY” and 
protects the internal “SEQUENTIAL MEMORY” from re- 
setting in the event of a change at the SENSE input. The 
SAVE status is indicated by a logical “1 at the SAVE 
INDICATOR output. (See LOCK). 


UNSELECTED KEYS: 

A logical “1” at this input resets the “SEQUENTIAL DE- 
TECTOR” for the SELECTED KEYS inputs. This input 
may be wired to all the keys that are not part of the input se- 
quence. 


LOCK: 


A logical ‘1’ at this input removes any previous SAVE 
status. (See SENSE). This is indicated by an open at the 
SAVE INDICATOR output. 


CONVENIENCE DELAY: 

An external capacitor at this input delays changes on any of 
the outputs when SENSE changes from high to low. The 
delay is a function of the external capacitance and the supply 
voltage. See Figure 2. 


LOCK CONTROL: 

This output is on (logical ‘’1"") when SENSE is high and the 
“SEQUENTIAL MEMORY” is set. (See SELECTED KEYS). 
This output goes open when SENSE goes low (after con- 
venience delay). It goes to a logical 1’ again when SENSE 
goes high and the “SEQUENTIAL MEMORY” was saved by 
a logical ‘1’ at the SAVE input. 


LOCK INDICATOR: 
This output is the complement of the LOCK CONTROL out- 
put. 


SAVE INDICATOR: 

This output is on (logical ‘1’’) when SENSE is at logical 
“1" and the “SAVE MEMORY" is set by a logical ‘1" at 
the SAVE input. 


POWER-ON-RESET: 
A Power-On-Reset circuit resets the device to a “lock” con- 
dition upon application of power. 


POWER SUPPLIES: 
The circuit will operate over the range of +5 to +18 volts. 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


MAXIMUM RATINGS: (Voltages Referenced to Vy p) 


Rating 


DC Supply Voltage 
Operating Temperature Range 
Storage Temperature Range 


Symbol 
Vs 


TA 


TSTG 


Value Units 
+5 to +18 Vde 
—25 to +70 0e 
—65 to +150 0¢ 


DC ELECTRICAL CHARACTERISTICS: 


(Vop = 


OUTPUT SPECIFICATIONS: 


Lock Control 

Output Pin 13 
On (Logic 1”) 
Vout = Vss—2 


Convenience 
Delay Pin 12 
On (Logic ‘'1”) 
Vout = Vss-2 


Lock Indicator 
Output Pin 8 

On (Logic “1’’) 
Vout Clamp to 


1.7V 


Save Indicator 

Output Pin 10 
On (Logic ‘1") 
Vout Clamp to 
1.7V 


VSS 


5Vdc 
9Vdc 
12Vdc 
15Vdec 
18Vdc 


5Vde 
9Vdc 
12Vdc 
15Vdc 
18Vdc 


5Vdc 
9Vdc 
12Vdc 
15Vde 
18Vdc 


5Vdc 
9Vdc 
12Vdc 
15Vdc 
18Vdc 


OV, Veg = +5 to +18V, —25°C < TAS +70°C unless 
otherwise specified). 


SOURCE CURRENT 


MIN 


2.40 
7.20 
10.80 
14.40 
18.00 


0.20 
0.55 
0.83 
1.10 
1.40 


.40 
3.00 
6.10 

10.40 
15.80 


.80 
6.00 
12.20 
20.80 


* Indicates maximum allowable current drain of 30 milliamperes. 
Note: Limit output current to 30mA max. 


INPUT VOLTAGE SPECIFICATIONS: 


Parameter 


Input Logic 0" 


SENSE 
INPUT 


Input Logic ‘1’ 


All rites aay Logic “0” 
Input Logic “1” 


Inputs 


Symbol 
ViL 


ViH 


ViL 
ViH 


Vss 
Vss 


TYP MAX 
3.75 6.30 
9.75 14.70 
14.25 21.00 
18.75 27.30 
23.25 30.00* 
0.29 0.50 
0.75 1.13 
1.10 1.60 
1.44 2.10 
1.80 2.30 
.60 1.00 
4.30 6.90 
8.50 13.00 
14.00 21.00 
20.00 30.00* 
1.20 2.00 
8.60 13.80 
17.00 30.00* 
28.00 30.00* 
30.00* 
MIN MAX 
0 Vss—3.0 
0 Vss—6.0 
0 Vss—8.0 
0 Vss--9.0 
0 Vss—9.5 
Vss—1.5 Vss 
Vss—3.5 Vss 
Vss—5.5 Vss 
Vss—6.0 Vss 
Vss—6.5 Vss 
0 Vss—3 
Vss—1 Vss 


** Current drive balanced for equal brightness on red and 
green indicators. 


UNITS 


mA 


mA 


mA** 


mA** 
| 


Vdc 


NOTE: Typical input load current is 64A with input @ Vpp, Vss @+12V. 


2 


SELECTED KEYS 
(IN SEQUENCE) UNSELECTED 
lglg lb |, KEYS (RESET) 


Carat \s1a20 —©OOe 6 


BLOCK DIAGRAM 


POWER 
ON SEQUENTIAL 
RESET DETECTOR 


CORRECT 
SEQUENCE 


INCORRECT 
SEQUENCE 


LOCK INPUT R S 
@ SAVE SEQUENTIAL 1 > 
MEMORY MEMORY 
0 1 
LOCK CONTROL OUTPUT 
VSS 
LOCK INDICATOR OUTPUT 
LoGic "1" -—(8) 
LEVEL : 
RESTORE 
(ENABLE) VSS 
SAVE INDICATOR OUTPUT © 
Gay rosie sarremmmoransersscne BB oo o 
eee Capacitor : 
vss 
Discharge 
Current CONVENIENCE DELAY 


—>(12) + 
| | 


Figure 7 


LS7220 FLOW CHART 


YES 


SAVE 
INPUT = LOGIC 
il a 


LOCK INDICATOR OFF 
LOCK CONTROL ON 
SAVEINDICATOR ON 


SENSE 
INPUT = LOGIC 
id | ia 


LOCK INDICATOR OFF 
LOCK CONTROL ON 
SAVEINDICATOR OFF 


TIME 
DELAY 
COMPLETED 


SENSE \_ NO 
INPUT = LOGIC 
“Q" 


YES 


YES 


LOCK INDICATOR OFF 
LOCK CONTROL OFF 
SAVEINDICATOR OFF 


LOCK NO 


INPUT = LOGIC 


yet 


YES 


Figure 6 
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OFF 
OFF 


SAVE INDICATOR OFF 


_ LOCK INDICATOR 
LOCK CONTROL 
YES 


LOCK INDICATOR 
LOCK CONTROL 


SAVE INDICATOR 


I2 oR I3 = 


INPUT CAPACITANCE: 10Pf 
Parameter Sy mbol MAX Units 
Convenience Delay: 


- Set-Up Mine See Note TS 4 psec 
Hold Time ) Below TH 8 psec 
Input Lock Control: 

Output Delay TLC 8 psec 
Input Pulse Width TIW 25 j24SeC 


NOTE: TS and TH were measured without any external 
Capacitance at convenience delay (Pin 12) input. 


- QUIESCENT SUPPLY CURRENT: 


(All inputs and outputs open) 


Symbol Vss MAX UNITS 
lDD 5Vde 20 uA 
9Vdc 30 
12Vdc 40 
15Vdc 50 
18Vdc 70 


Typical Hold Time Vs. VSS 
(with 1.F convenience delay capacitor) 


12 TA=25°C 
10 
= 8 
— 
a 2p 
E 
& 
= 4 
x 
2 
0 


5 10 15 18 
VSS, Supply Voltage (Volts) 


Figure 2 


TIMING DIAGRAM 


Figure 3 


CONVENIENCE DELAY 


TO 
IGNITION 
OR 
STARTER 
CIRCUIT 


C¥* 0.1 to 0.47uF . 
| 0 12V 


= O5pF 


TO IGNITION @25V 


UNUSED KEYS (RESET) 


Lock Control 
Output 4 \/ RELAY COIL 
+L ipF @25V 
+12 
GREEN LED 


(Save Indicator Output) 


Ul 
b RED LED 


(Lock Indicator Output) 


*Optional capacitor may be necessary to 
prevent ignition noise from generating a 
false reset. 


TYPICAL APPLICATION 
AUTOMOTIVE ANTI-THEFT CIRCUIT 


EERE 
eae ae ae 
Ww 
VA! 


KEYBOARD Figure 4 


A typical automotive anti-theft circuit is shown in the schematic diagram. When the ignition switch is turned on the SENSE input (pin 1) goes high and 
the circuit is ready to accept the unlocking input sequence atl4, Io, 13 and Iq4(pin 3,4,5 and 6 respectively). If the keys associated with these inputs 
are depressed exactly in sequence ofl4, Io, 1g and 14, the lock control output (pin 13) will become ON and the lock relay will be energized. This state 
will be indicated by the OFF condition of the lock indicator output (pin 8) which will render the red LED OFF (an indication of unlock condition). 
If the keys are depressed in any sequence other than as described above, the internal sequential detector will be reset and the entire sequence must be 
repeated. 

In order to save the ON condition of the lock control output when the ignition switch is turned OFF (i.e., when the SENSE input becomes low) the 
key associated with the SAVE input (pin 11) will have to be depressed. The “SAVE” status will be indicated by a high at the save indicator output 
(pin 10), which in turn will turn the green LED ON. If the ignition switch is turned OFF while the green LED is on, all the output status will be pre- 
served in the internal memory, so that when the ignition switch is turned on again there will be no need to go through the input sequence again. This 
feature could be used for valet parking and garage service. 

Status saving may be cancelled by depressing the lock key followed by turning the ignition switch OFF for a time greater than the convenience delay. 
This will also turn OFF the lock control output. 


Figure 5 


Typical 4 key code having MOMENTARY output. 
The size of C1 determines the length of entry time 
O5yF (See Figure 2. The specific code shown is 4179. 


LOCK RELAY OUTPUT 
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L$7222 


KEYBOARD PROGRAMMABLE DIGITAL LOCK CIRCUIT 


FEATURES: 

Stand alone lock logic 

38416, 4-digit combinations 

3 different user programmable codes 
Momentary and static lock contro! outputs 
Internal keyboard debounce circuit 

Tamper detection output 

Circuit status outputs 

Low current consumption 30na max @ 12 VDC) 
Single power supply operation (+4 to +18 VDC) 
All inputs protected 

High noise immunity 


eeeeee&e#eee 0@ @ 


GENERAL DESCRIPTION: 

The LS7222 is a programmable electronic lock implemented in a 
monolithic CMOS integrated circuit, packaged in a 20 pin DIP. The 
circuit contains all the necessary memory, decoder and control 
logic to make a programmable ‘‘keyless’’ lock system to control 
electro-mechanical type locks. Input is provided by a matrix keypad 
whose maximum allowable size is 4 x 4. 


The LS7222 can be programmed to recognize 3 different codes: 
one to lock (arm), one to unlock (disarm), and one to unlock and 
trigger an alarm (duress). Progamming is done via the keypad in- 
puts. Any entry from the keypad (when not in the program mode) 
which does not match one of the 3 programmed codes will cause 
the TAMPER output to become active. 


The monolithic, low power CMOS design of the LS7222 enables 
it to be designed into typical battery backed-up and automotive 
type security systems. 


DETAILED DESCRIPTION: 


CODES — There are 3 different function codes which the LS7222 
can store in memory. Each code consists of a 4 digit number which 
must be entered in exact sequence and before the keypad entry 
enable time expires. The 3 codes and their functions are explain- 
ed below. 


1. The Arm code, when entered from the keypad, causes the 
LOCK/UNLOCK output to latch low and the ARM output to 
momentarily go high. Whenever power is first applied to the 
LS7222, the circuit defaults to the Arm code corresponding 
to the keys X1 Y1, X1 Y2, X2 Y2, X2 Y1. The code can then 
be altered to any other 4 digit code by entering the Program 
mode and keying in the new code. 


2. The Disarm code, when entered from the payaail Causes 
the LOCK/UNLOCK output to latch high and the DISARM out- 
put to momentarily go high. The first 3 digits of the Disarm 


LSI/CSI 


CONNECTION DIAGRAM — TOP VIEW 
STANDARD 20 PIN PLASTIC DIP 


VSS VDD 
RC-OSC CAP-K 
X1 LOCK DISPLAY 
X2 LOCK/UNLOCK 
X3 DISARM 
X4 ALARM 
Y1 ARM 
Y2 TAMPER 
Y3 CAP-M 
Y4 PROGRAM 


FIGURE 1 


code must be identical to the first 3 digits of the Arm code; 
the 4th digit may or may not be identical for the two codes. 
When the two codes are the same in all 4 digits, i.e. the 
Same code is chosen for arming and disarming, the entry 
of the code will cause the LOCK/UNLOCK output to toggle. 
This means that if the output was high (unlocked) it will go 
low (locked) and vice-versa. Whenever power is first applied 
to the LS7222, the circuit defaults to the DISARM code cor- 
responding to the keys X1 Y1, X1 Y2, X2 Y2, X1 Y1. The 
code can then be altered by entering the Program mode. 


. The Duress code, when entered from the keypad, causes 


the LOCK/UNLOCK output to latch high and the DISARM out- 
put to momentarily go high; at the same time the ALARM 
output will latch high to enable an external alarm. The first 
3 digits of the Duress code must be identical to the first 3 
digits of the Arm and Disarm codes; the 4th digit must be 
different to activate the ALARM output. Whenever power is 
first applied to the LS7222, the circuit defaults to the Duress 
code corresponding to the keys X1 Y1, X1 Y2, X2 Y2, X1 
Y2. The code can then be altered the same way as the other 
two codes. 
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PROGRAM MODE — The current Arm/Disarm/Duress codes may 
| be altered to any other value by initializing the Program mode. The 
| steps involved for altering the codes are as follows: 


1. 


2. 


Enter the current Disarm code causing the DISARM output 
to go high. : 


Before the keypad entry enable time expires, enter the key 
corresponding to matrix position X4 Y1 two times. This will 
cause the PROGRAM MODE output to latch high, indicating 
that the circuit is now in the Program mode. The keypad 
entry enable timer is disabled during the Program mode. 


. Enter a 6 digit number from the keypad. The PROGRAM 


MODE output will latch low, indicating that the new codes 
have successfully been programmed. Of the 6 digits, the first 
4 constitute the Arm code; the first 3 and the 5th constitute 


the Disarm code, and the first 3 and the 6th constitute the 


Duress code. If an error is introduced or it is desired to 
change the codes before the 6th digit is typed. enter the key 
X4 Y3. This will reset the internal memory pointer of the 
L$/7222 and a new 6 digit number can be entered. 


TABLE 1. PIN DESCRIPTIONS 


Bi aad = 
> 

eS! 
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oQ- 


econ, 


1 
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on 


— 
© >) 


Ba 
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— 
wo 


18 


‘ 
—s 


0 
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FUNCTION 
VSS Supply voltage negative. 


RC-OSC 


| X1,X2,X3,X4 
¥1,¥2,¥3,¥4 


PROGRAM MODE 


CAP-M 
TAMPER 


ARM 


ALARM 


DISARM 


LOCK/UNLOCK 


LOCK STATUS 


CAP-K 


VOD 
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This output goes high when the program mode is initiated: It resets to a low state after the 
6 digit Arm/Disarm/Duress combination code has been programmed. 


A capacitor connected between this input and VSS controls the duration of the ARM, 


DISARM, and TAMPER outputs. a 
Whenever a key is entered that is not a valid code element, this output goes high for a 


KEYPAD INTERFACE — The four X inputs and four Y outputs are 
designated for keypad interface (see FIG. 2). Since the X inputs 
have internal pull-ups, the maximum matrix size of 4 by 4 does 
not have to be utilized. And because the Y outputs have open drains, 
more than one LS/222 may share the same keypad. 


During normal operation the LS7222 will scan the matrix looking 
for a switch closure. Once a closure has been detected, the inter- 
nal keyboard debounce logic determines if a ‘‘valid’’ key has been 
pressed or that if noise is just present. Only one valid input will 
be generated with any key closure. The use of internal keyboard 
debouncing and schmitt triggers on the inputs provides the LS7222 
with very high noise immunity. | 


TAMPER — When a valid key has been detected by the LS7222, 
the entry is compared against the appropriate reference in the in- 
ternal memory. If the requirements of digit value and code sequen- 
tial postion are not fulfilled, the TAMPER output will momentarily 
go high; this indicates that an illegal code entry was attempted. 
The keypad entry enable timer and memory pointer will both be 
reset so that entry of the code can be attempted again. 


DESCRIPTION 


Determines the LS7222’s internal clock frequency, which is used for keyboard scanning 


and debounce. A resistor (to VDD) and a capacitor (to VSS) connected to this input sets 
the frequency. 


The four X inputs and four Y outputs are designed to interface to a keypad matrix whose 
maximum allowable size is 4 by 4. 


period determined by the capacitor on the CAP-M input. 


This output generates an active high output every time the Arm code is entered, irrespective 
of whether the circuit is currently in the disarmed state or not. The duration of this output 
is determined by the capacitor on the CAP-M input. 


When the Duress code is entered, this output latches high to enable an external alarm. The 

ALARM output resets to a low state when the Arm code is entered again. | 
This output generates an active high output every time the Disarm code is entered, irres- | 
pective of whether the circuit is currently in the armed state or not. The duration of this 
output is determined by the capacitor on the CAP-M input. 
When the Disarm code or the Duress code is entered, this output latches high. When the 
Arm code is entered, the output latches low. If the Disarm or Duress code is entered when 
the output is already high (i.e., already disarmed), the output remains unaffected. Similarly, 
if the Arm code is entered when the output is already low (i.e. already armed), it remains 
unchanged. An exception to this rule is when the Arm and Disarm codes are identical in all 
4 digits. In that situation, the output will toggle every time the code is entered. 
Functionally, this output is identical to the LC 
polarity is reversed with respect to the LOCK/UNLOCK output. This output is intended for 


K/UNLOCK output, with the exception that its 


driving a display lamp to indicate the lock status. 


A capacitor connected between this input and VSS sets the time limit for entering a 4 digit 
code from the keypad. (6 digits when initiating the program mode) 


Supply voltage positive. | 


LS7222 


TO MASTER 
ALARM SYSTEM =< 


CONTROLLER 
‘ !  |MPULSE LATCHING 
ELECTRO-MECHANICAL 
= LOCK 
sad 
| LOCK 
= INDICATOR 
LK 
PROGRAM 
MODE = 
INDICATOR 
| 
Xd 
x3 
x2 
FIGURE 2 ; nl 


NOTE: 1. KEYPAD IS A TYPICAL TELEPHONE 4 x 3 MATRIX TYPE. 
SWITCH RESISTANCE SHOULD BE < 1KQ. 
2. CONFIGURATION SHOWN IS TYPICAL. THE OUTPUTS OF Y1 Y2 V3 V4 
THE LS7222 ARE FUNCTIONALLY DESIGNED TO PROVIDE 
EITHER STATUS OR DISPLAY INFORMATION 


The information included herein is believed to be 
accurate and reliable. However, LS] Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 


any infringements of patent rights of others which may 
result from its use. 
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Quiescent supply current: ( 


100pf capacitor to VSS and 1.5M © resistor to VDD, connected to the RC-OSC input) 


SYMBOL VDD MAX UNIT 
Lo 5 VDC 10 ua 
z 9 VDC 15 
12 VDC 20 
15 VDC 25 
18 VDC 


Maximum Ratings: (Voltages references to VSS) 
RATING SYMBOL 
DC supply voltage VDD 
Operating temperature range TA 
Storage temperature range TSTG 


DC Electrical Characteristics: 


VALUE 


+4 to +18 
-25 to +70 
-65 to +150 


(VSS = OV, VDD = +4 to +18V, -25°C STA < +70°C unless otherwise specified) 


PARAMETER 


Output source current | 
Lock Display, ARM, DISARM 
Alarm, LOCK/UNLOCK 
Program Mode Outputs 


Output Sink Current 

Lock Display, ARM, DISARM 
Alarm, LOCK/UNLOCK 
Program Mode Outputs 


Output Source Current 
Tamper Output 


Output Sink Current 
Tamper Output 


Input Level Detection 
All Inputs 


Keypad Entry Time vs. Capacitor on CAPK Input 


CAPACITANCE IN pF 


Imo 


012345678 9 10 
ENTRY TIME IN SECONDS 


LS7222 


CONDITIONS VDD MIN JYP MAX UNITS 
Logic *‘1°’ Output 5VDC 1.56 2.48 — ma 
Vour 2 Mop -2V 12VDC 5.60 8.25 — ma 
18VDC 9.07 13.2 — ma 
Logic ‘‘O’’ Output 5 VDC .404 ~~ .627 — ma 
Vour <= Veg + -4V 12VDC 1.21 1.78 — ma 
18VDC 1.9 2.17 — ma 
Logic ‘‘1’’ Output 5VDC .260 413 — ma 
Vour 2 Von -2V 12V0C 934 1.38 — ma 
18VDC 1.51 2.2 — ma 
Logic ‘‘0’’ Output 5VDC .067 105 — ma 
Vour < Vsgt -4V 12VDC 202 297 — ma 
18VDC 318 = .462 — ma 
Viy = Logic ‘1’ 5VDC 3.5 — VDD Vdc 
12VDC 8.0 — VDD Vde 
18VDC 12.0 — VDD Vdc 
V., = Logic “0” 5VDC VSS — 1.60 Vde 
12VDC VSS — 4.0 Vde 
18VDC VSS — 6.0 Vde 
(LS7222) Pulse Width on ARM, DISARM, and & 
TAMPER Outputs vs. Capacitor on CAPM Input we 
10:5 
1 
106 
oc 
rs 
= 107 
S 108 
= 
= 109 
a. 
< 
= 19-10 
106 105 104 103 102 10: 
PULSE WIDTH TIME IN SECONDS 
LSI/CSI 
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KEYBOARD 


FEATURES: 

Stand alone lock logic 

38416, 4-digit combinations 

3 different user programmable codes 
Momentary and static lock control outputs 
Internal keyboard debounce circuit 

Tamper detection output 

Circuit status outputs ‘ 

Low current consumption 30u4a max @ 12 VDC) 
Single power supply operation (+4 to +18 VDC) 
All inputs protected 

High noise immunity 


GENERAL DESCRIPTION: 

The LS7223 is a programmable electronic lock implemented in a 
monolithic CMOS integrated circuit, packaged in a 20 pin DIP. The 
circuit contains all the necessary memory, decoder and control 
logic to make a programmable ‘‘keyless’’ lock system to control 
electro-mechanical type locks. Input is provided by a matrix keypad 
whose maximum allowable size is 4 x 4. 


The LS7223 can be programmed to recognize 3 different codes: 
one to toggle an output, one to toggle an output and generate a 
pulse, and one to toggle an output and trigger an alarm. Program- 
ming is done via the keypad inputs. Any entry from the keypad 
(when not in the program mode) which does not match one of 
the 3 programmed codes, will cause the TAMPER output to become 
active. 


The monolithic, low power CMOS design of the LS7223 enables 
it to be designed into typical battery backed-up and automotive 
type security systems. 


DETAILED DESCRIPTION: 


CODES — There are 3 different function codes which the LS7223 
can store in memory. Each code consists of a 4 digit number which 
must be entered in exact sequence and before the keypad entry 
enable time expires. The 3 codes and their functions are explain- 
ed below. 


1. The Primary code, when entered from the keypad, causes 
the LOCK/UNLOCK 1 output to toggle and the MOMENTARY 
output to momentarily go high. Whenever power is first ap- 
plied to the LS7223, the circuit defaults to the Primary code 
corresponding to the keys X1 Y1, X1 Y2, X2 Y2, X2 Y1. The 
code can then be altered to any other 4 digit code by enter- 
ing the Program mode and keying in the new code. 


L$7223 


LSI/CSI 


PROGRAMMABLE DIGITAL LOCK CIRCUIT 


REV. 1/88 


CONNECTION DIAGRAM — TOP VIEW 
STANDARD 20 PIN PLASTIC DIP 


VDD 
CAP-K 

LOCK DISPLAY 
LOCK/UNLOCK 1 


ALARM 
MOM 
TAMPER 
CAP-M 
PROGRAM 


FIGURE 1 


2. The Secondary code, when entered from the keypad, causes 


LOCK/UNLOCK 2. 


the LOCK/UNLOCK 2 output to toggle. The first 3 digits of 


the Secondary code must be identical to the first 3 digits 


of the Primary code; the 4th digit may or not be identical 


for the two codes. When the two codes are the same in all 
am its, the entry of the code will cause both the 


CK/UNLOCK 1 and the LOCK/UNLOCK 2 outputs to tog- 


ae Whenever power is first applied to the LS7223, the cir- 


Cuit defaults to the Secondary code corresponding to the. - | 


keys X1 Y1, X1 Y2, X2 Y2,'X1 Y1. The code can then be 
altered by entering the Program mode. 


3. The Duress code, when entered from the keypad, causes | 


the LOCK/UNLOCK 1 Output to toggle; at the same time 


the ALARM output will latch high to enable an external alarm... : 


The first 3 digits of the Duress code must be identical to 
the first 3 digits of the Primary and Secondary codes; the 
~ 4th digit must be different to activate the ALARM output. 
Whenever power is first applied to the LS 7223, the circuit 


defaults to the Duress code corresponding to the keys X1 - 


¥1, X1 Y2, X2 Y2, X1 Y2. The code can then be altered the 
same way as the other two codes. 
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PROGRAM MODE — The current Primary/Secondary/Duress codes 
may be altered to any other value by initializing the Program mode. 
The steps involved for altering the codes are as follows: 


1. Enter the current Secondary code causing the LOCK/UNLOCK 
2 output to toggle. 

2. Before the keypad entry enable time expires, enter the key 
corresponding to matrix position X4 Y1 two times. This will 


cause the PROGRAM MODE output to latch high, indicating 
that the circuit is now in the Program mode. The keypad 


entry enable timer is disabled during the Program mode. — 


. Enter a 6 digit number from the keypad. The PROGRAM 
MODE output will latch low, indicating that the new codes 
have successfully been programmed. Of the 6 digits, the first 
4 constitute the Primary code; the first 3 and the 5th con- 
stitute the Secondary code, and the first 3 and the 6th con- 
Stitute the Duress code. If an error is introduced or it is 
desired to change the codes before the 6th digit is typed, 
enter the key X4 Y3. This will reset the internal memory 
pointer of the LS7223 and a new 6 digit number can be 
entered. | 


TABLE 1. PIN DESCRIPTIONS 


RC-OSC 


3.45.6, X1,X2,X3,X4 
7,8,9,10} Y1,Y2,Y3,Y4 
PROGRAM MODE - 


Ee 00k STATUS 


KEYPAD INTERFACE — The four X inputs and four Y outputs are 


designated for keypad interface (see FIG. 2). Since the X inputs 
have internal pull-ups, the maximum matrix size of 4 by 4 does 
not have to. be utilized. 


During normal operation the LS7223 will scan the matrix looking 
for a switch closure. Once a closure has been detected, the inter- 
nal keyboard debounce logic determines if a ‘‘valid’’ key has been 
pressed or that if noise is just present. Only one valid input will 
be generated with any key closure. The use of internal keyboard 
debouncing and schmitt triggers on the inputs prone the LS7223 
with very high noise immunity. 


TAMPER — When a valid key has been detected by the LS7223, 
the entry is compared against the appropriate reference in the in- 
ternal memory. If the requirements of digit value and code sequen- 
tial postion are not fulfilled, the TAMPER output will momentarily 
go high; this indicates that an illegal code entry was attempted. 
The keypad entry enable timer and the memory pointer will both 
be reset so that entry of the code can be attempted again. 


FUNCTION DESCRIPTION 
| vss Supply voltage negative. 


Determines the LS7223’s internal clock GaaieaCy. which is used for keyboard scanning and 
debounce. A resistor (to VDD) and a capacitor (to VSS) connected to this input sets the fre- 
quency. With a 1.5MQ resistor and a 100 pf capacitor, the internal frequency is typically 10 
khz and the internal anti-bounce is 


The four X inputs and four Y outputs are designed to interface to a keypad matrix whose 
maximum allowable size is 4 by 4. 


This output goes high when the program mode is initiated. It resets to a low state after the 
6 digit Primary/Secondary/Duress combination code has been programmed. | 


Functionally, this output is identical to the LOCK/UNLOCK 1 output, with the exception that 
its polarity is reversed with respect to the LOCK/UNLOCK 1 output. This output is intended 
for driving a display lamp to indicate the lock status. 


pically 25 milliseconds. 


CAP-M A capacitor connected between this input and VSS controls the duration of the MOMEN- 
TARY and TAMPER outputs. | 


TAMPER 


MOMENTARY 


ey LOCK/UNLOCK 2 
Le LOCK/UNLOCK 1 


powers-up to a low state. 
low state. 


- powers-up into a low state. 


Supply voltage positive. 


Whenever a key is entered that is not a valid code element, this output goes high for a . 
period determined by the capacitor on the CAP-M input. | 


This output generates an active high output every time the Primary code is entered. The 
duration of this output is determined by the capacitor on the CAP-M input. 


When the Duress code is entered, this output latches high to enable an external alarm. The 
ALARM output resets to a low state when the Primary code is entered again. This output 


A capacitor connected between this input and VSS sets the time limit for entering a 4 digit 
code from the keypad. (6 digits when initiating the program mode) 


Whenever the Secondary code is entered, this output toggles. The output powers-up into a 


Whenever the Primary code or the Duress code is entered, this output toggles. The output 
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Quiescent supply current: (100pf capacitor to VSS and 1.5M © resistor to VDD, connected to the RC-OSC input) 


SYMBOL voD MAX. UNIT 
i 5 VDC 12 ya 
9 VDC 18 
12 VDC 25 
15 VDC 35 
| 18 VDC 


Maximum Ratings: (Voltages references to VSS) | 
VALUE 


RATING SYMBOL © UNIT 
DC supply voltage VDD +4 to +18 Vdc 
Operating temperature range TA -25 to +70. °C 
Storage temperature range TSTG -65 to +150 °C 


DC Electrical Characteristics: 
(VSS = OV, VDD = +4 to +18V, -25°C < TA < +70°C unless otherwise specified) 


PARAMETER CONDITIONS VDD MIN TYP MAX UNITS 
Output source current Logic ‘'1’’ Output 5VDC 1.56 2.48 _ ma 
Lock Display, Momentary LOCK/UNLOCK 2 Vour 2 Vop -2V 12VDC——Cs45.60 S825 — ma 
Alarm, LOCK/UNLOCK1 18VDC—-—(« 9.07 —Ss ‘13.2 — ma 
Program Mode Outputs 
Output Sink Current Logic ‘‘O’’ Output 5 VDC 404 ~—«.627 — ma 
Lock Display, Momentary, Vour SS Veg + -4V 12VDC—s«éd12.21—CSts«*..78 — ma 
Alarm, LOCK/UNLOCK1, LOCK/UNLOCK2 18VDC 1.9 2.77 — ma 
Program Mode Outputs _ 
Output Source Current Logic ‘'1’’ Output 5VDC 260 ~=.413 — ma 
Tamper Output Vour = Yoo -2V 12vDC = «9341.38 == ~~ ma 
~ 18VDC 1.51 2.2 — ma 
Output Sink Current Logic *‘0’’ Output 5VDC 067 =—.105 — ma 
Tamper Output Vour SS Vsg + -4V 12VDE—(w202—Ss«297 — ma 
: 18VDC 318 = .462 — ma 
Input Level Detection Viy= Logic ‘*1” oVDC 3.5 _ VDD ~==~Vde 
All Inputs — 12VDC 8.0 — VDD Vde 
~ 18VDC 12.0 — VDD Vdc 
V,, = Logic ‘‘0” 5VDC VSS — 1.60 Vdc 
12VDC ~=6r VSS — 4.0 Vde 
18VDC ~=VSS — 6.0 Vde 


Keypad Entry Time vs. Capacitor on CAPK Input 


(LS7223) Pulse Width on MOMENTARY and 
TAMPER Outputs vs. Capacitor on CAPM Input 


Cv 


| 5.0 S 106 
[o a 
<x 
‘ 4.0 an 10-7 
2 z 
HW 3.0 S 
= = 
<x = 
— © 4f.9 
< 2.0 a 108 - 
o > 10-10 


106 105 104 103 102 10: 
PULSE WIDTH TIME IN SECONDS 


012345678 9 10 
ENTRY TIME IN SECONDS 


--LS7223 LSI/CS! 


8-16 


TO MASTER 
ALARM SYSTEM 
CONTROLLER 


LOCK 
“= INDICATOR 


FIGURE 2 


NOTE: 1. Keypad shown is a typical telephone 4x3 matrix type. Switch 


resistance should be S1KQ. 


2. Configuration shown is typical. The outputs of the LS7223 are 


functionally designed to provide either status or display 
information. | 
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i | LOCK #1 


; 
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PROGRAM 
MODE a 
INDICATOR 


X4 


X3 


X2 


XI 


Y¥1 Y2 Y3 _ Y4 


The information included herein is believed to be 
accurate and reliable. However, LS! Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 


any infringements of patent rights of others which may 
result from its use. | 
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L$7225 
$7226" 


DIGITAL LOCK CIRCUIT 
with Tamper Output 


FEATURES: 


Stand Alone Lock Logic 

5040, 4 Digit Combination with a 10 number Key Board 
Out of Sequence Detection 

Tamper Output,Sequence Enable Input 

Direct LED and Lock Relay Drive 

Externally Controlled Combination Delay 

Internal Pull Down Resistors on all Inputs 

High Noise Immunity 

Low Current Consumption (40 uA max @ 12 VDC) 
Single Power Supply Operation (+4V to +18V) 
Momentary.or Static Lock Control Output 
Auxilary Delay Circuitry Included 


DESCRIPTION: 


The LS7225 is a monolithic, ion implanted MOS 4 Key 
Keyless lock. The circuit includes sequential logic for inter- 
pretation of correct key closure; a momentary and Static 
Lock Control output, out of sequence detection circuitry 
and a tamper output. 


DESCRIPTION OF OPERATION: 


SELECTED KEYS AND COMBINATION DELAY: 

A sequence of logical “1” 's at the inputs 14, l9, Ig, and Iq 
(in correct sequence) sets the “SEQUENTIAL MEMORY", 

causing the LOCK CONTROL output to go high, the MO- 

MENTARY LOCK CONTROL OUTPUT to go high, (See 
MOMENTARY LOCK CONTROL), and the lock indicator to 
open. An external capacitor at input |; (Pin 11) determines 
the amount of time allowed to enter the SELECTED KEYS 
inputs in proper sequence. The delay is a function of the ex- 
ternal capacitance and the supply voltage (See figure 2) 


The information included herein is believed to be 
accurate and reliable. However, LS! Computer Systems, 


Inc. assumes no responsibilities for inaccuracies, nor for 
any infringements of patent rights of others which may 
result from its use. 


LS7225/6 


AUX. DELAY OUTPUT 


AUX. DELA‘’ INPUT 17 l4 
SEQUENCE ENABLE 13) }. SELECTED 
KEYS IN 
(GND) Vop 12} Jo SEQUENCE 


TAMPER OUTPUT 10} lg UNSELECTED KEYS 


19 | MOMENTARY LOCK CONTROL 
OUTPUT 


18] LOCK CONTROL OUTPUT 


(+4V to +18V) Vss 


LOCK INDICATOR 
OUTPUT 


TOP VIEW 
STANDARD 14 PIN DIP 
Figure 1 


UNSELECTED KEYS: 

A logical "1" at this input resets the SEQUENTIAL DE- 

TECTOR"” for the SELECTED KEYS inputs and causes the 
TAMPER output to transmit a pulse. This input should be 
wired to all the keys that are not part of the input sequence. 


LOCK CONTROL: 
This toggle output will change state (logical’’1” or open) 


when the “SEQUENTIAL MEMORY” is set. (See SELECT- 
ED KEYS). 


*See figure 7 
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DC ELECTRICAL CHARACTERISTICS: 


(Vpp= OV, Vsg= +4 to +18V, —25°C <TA<+70°C unless otherwise specified). 


VSS MIN TYP MAX UNITS 
Lock Control and 5Vde 1.50 3.00 4.50 mA 
Momentary Lock 9Vdc 3.00 5.50 8.00 
Control Output Pin 12Vdc 5.00 7.50 9.50 
8 and 9 On (Logic 15Vdc 8.00 10.00 12.50 
“1") Vout=Vgg_9 18Vde 9.00 11.00 13.50 
LOCK INDICATOR: eee re ee np 0.30 di 
This output is the complement of the LOCK CONTROL ogni apis . : ; 1.20 
output (it drives an LED directly.) Tonic =) vou de mae sy 100 
Vout=Vss—2 15Vdc 0.90 1.50 2.00 
MOMENTARY LOCK CONTROL: neue nee pe ea | 
This output goes on (Logical 1”) when the “SEQUENTIAL 
MEMORY" is set. It goes open when input 1, (pin 11) to the Aux Delay ont oV de 0.40 0.62 0.84 mM 
iy ere Pin 4 On (Logic 9Vdc 1.24 1.62 2.04 
input delay level detector changes from logical ‘’1" to logical “"1") Vout=Vec—2 1Vde 184 9.37 300. 
0". (See Input Volt ification) | SST nae 
ee Ue Oe epeaeaue 15Vde 2.44 3.12 3.84 
TAMPER: 18Vdc 3.04 3.87 4.74 
This output gives a 15us pulse when I9 or Iq receives a logic : 
| “1” out of sequence or when input pin 10 (unselected key) re- Lock badicatar oVde sai Doe be ule 
ine Geuis ; Output Pin 7 9Vde 2.00 3.00 4.50 
ceives a logical “1”. This output is normally open. (See ere V 6.00 
Figure 3) Tamper output is inhibited during the time be- On (Logical “1") eee ore oe 
Faseulinnwne Ont aid tHe ERE Quiet" Ise touIn A Vout Clamp to 15Vdc 7.00 8.00 10.00 
MEN eer are en oar eerie Debye no Begs 1.7V 18Vde 8.00 10.00 13.00 
The tamper output should be used to discharge the capacitor INPUT VOLTAGE SPECIFICATIONS: 
at Pin 11 as shown in figure 8 and figure 4 so that I; must be Darampter Symbol Wee MIN MAX UNITS 
applied again to start a new sequence when a tamper output Vide | 
occurs. Pulse stretcher network is indicated to provide suf- INPUT LEVEL 
ficient discharge time. DETECTORS 
Pins 1 and 11 
Input Logic 0" ViL 5.0 0 Vss—3 Vdc 
SEQUENCE ENABLE: ) 0 Vss—6 
A Logical “1” at this input disables the “SEQUENTIAL DE- 12 0 Vsg—8 
TECTOR” thereby disallowing any sequential input. This 15 0 Vg5-9 
input is intended to be used in conjunction with the TAMPER 18 0 Vsc_9.5 
output (See Application Note 2). inauetoge a ViH 50 Veg—1.0 ve. vat 
g Voc— V 
POWER-ON-RESET: ae 
a 7) 12 Vss—4.5 Vss 
A Power-On-Reset circuit resets the device to a “lock” con- 15 Vog—5.0 Vg 
dition upon application of power. 18 Vex—5.5 Wee 
POWER SUPPLIES: All Other Inputs 
The circuit will operate over the range of +4 to +18 volts. Input Logic “0” ViL Vss 0 Vss-3 Ve 
a Input Logic “1” ViH Vss Vss-1 Vss Vde 
AUXILIARY DELAY NETWORK (pins 1 & 4) en ey . a 
This retriggerable one shot is provided for any convenient de- PTE: UY pICal pat eae cUn ents BAA Aun PUCEN DD Sse ley: 
lay generation. INPUT CAPACITANCE: 10 PF 
MAXIMUM RATINGS: (Voltages Referenced to Vyp) PARAMETER = SYMBOL = MIN A ee 
| Convenience Delay 
_ Rating Symbol Value = Units Set-Up Time Ts 6 8 10 usec 
DC Supply Voltage Vss +4to+18 Vde Hold Time Ty 14 16 20 Lusec 
Operating Temperature Range TA —25to+70 °C — Input Lock Control | 
Storage Temperature Range TSTG —65to+150 °C Output Delay Tic 10 13 15 psec 
Input Putse Width Taw 100 usec 
TAmper Output 
Tamper Output 
Pulse Width Tw 15 Ls 
Combination Delay 
Rise Time tr C+70ns 
Fall Time tf | C+60ns- | 
8-18 LSI/CSi LS7225/6 


Typical Delay Hold Time Vs. Vss 
(with 4.7UF Combination Delay) 


QUIESCENT SUPPLY CURRENT: (All inputs and outputs open) 3 
a 
Symbol Vss MAX UNITS 2 
IDp 5Vde 20 a : 
9Vdc 30 ie 
12Vdc 40 g 
15Vde 50 = 
18Vdc 70 


5 10 Fb 
Vss, Supply Voltage (Volts) 
FIGURE 2 


'g 


LOCK . | : | 
INDICATOR Ty pf 
OUTPUT i | 
| | | 
LOCK | ] | 
CONTROL | 
OUTPUT | 
| l | 
| | Ty ) 
MOMENTARY LOCK 
CONTROL OUTPUT 
ala 
TAMPER Tw 
OUTPUT | 


Timing Diagram 
Figure 3 
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8-20 


+12V 


4 pF 


SEQUENCE ENABLE 


22uF 10M 
C-2 
KEYBOARD 
10000 
/\ RELAY MIN RESISTANCE 
Figure 8 


Typical application for independent control of combination 
(input) time and ““UNLOCK" time. 


C-1 determines input time. 
C-2 determines “UNLOCK” time. 


Note: With this configuration one tamper pulse is transmitted 
at the start of “UNLOCK” time. 
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Power On Reset 


‘Lock Indicator Output-On 
Lock Control Output-Off 


Momentary Lock Control Output-Off 
Tamper Output-Off 


Sequential 
Memory and 
Sequential 
Detector 
Reset 


TAMPER 
OUTPUT 


Sequential Memory-Set 
Lock Indicator Output-Off 
Lock Control Output-On 
Momentary Lock 
Control Output-On 


Lock Indicator Output-Off 
Lock Control Output-On 

Momentary Lock Control Output-Off 
Tamper Output-Off 


YES 


Figure 6 
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6-8 


ISO/IS1 


— 


Vop 


LS7225 
BLOCK DIAGRAM —<«(6)—-Vss 
SEQUENCE ENABLE 
' ~ — 
Vpp 
AUX. DELAY OUTPUT 
zc Vss 
mM 
am AUX. LEVEL 
20 DETECTOR 
yee AUX. 
43 DELAY 
a INPUT 
CAPACITOR —— 
| DISCHARGE 
7 Osu | TAMPER OUTPUT 
COMBINATION DELAY 4 4 | : 9 
1 @ L 3 Vss 
SELECTED lb @ Vop LOCK INDICATOR OUTPUT 
KEYS ; Vop , 
(INSEQUENCE) ) '3 (3 7, 
l4 @ DD Vss 


CORRECT LOCK CONTROL OUTPUT 


SEQUENCE 
(8) 
Vss 
e MOMENTARY LOCK CONTROL OUTPUT 
*L_S7226 has no capacitor discharge resistor. : 9) 
. 
Vss 


Figure 7 


A typical circuit is shown in the schematic diagram. 

When input 17 (pin 11) goes high, the circuit is ready to accept the 
unlocking input sequence at !2, 13 and Iq (pins 12, 13, and 14 re- 
spectively). If the Keys associated with these inputs are depressed 
exactly in sequence of 17, 19, 13 and 14, the lock control output 

(pin 8) will become ON, the momentary lock control output (pin 9) 
will be ON until input 17 (pin 11) becomes low. The state ON of the 
lock control will be indicated by the OFF Condition of the lock in- 
dicator output (pin 7) which will render the LED OFF (an indication 
of unlock condition). If the Keys are depressed in any sequence 
other than as described above, the internal “SEQUENTIAL DET- 
ECTOR” will be reset and the entire sequence must be repeated. 
The lock contro! output is turned OFF by repeating the input 
sequence. The Momentary Lock Control output goes high each time 
the correct sequence is entered. The specific code shown is 4720. 


sill 


MOM. LOCK CONTROL |e 
OUT. 

LOCK CONTROL 

OUT. aot Fi, 


TYPICAL APPLICATION OF LS7225 IN MACHINE OR AREA ACCESS 


Figure 4 
+12V0C 

10KQ I 
D Og 
4015 Q, 
e (Half) g 
2 

Q, AUX. DELAY INPUT 


R 
| AUX. DELAY OUTPUT 


KEYBOARD 
47KQ 
at \Z 
Momentary = S.S. Output 
Output 
TYPICAL TAMPER LOCK DISABLE APPLICATION 


Figure 5 


A System with 12 seconds reset after 5 TAMPER outputs and support circuitry is shown. The specific code is 2750. If the Keys associated with 
the given code are not depressed exactly in sequence or if any Key associated with the unselected Keys (Reset) is depressed, the pulse from 
the Tamper output will clock the 4015 Dual 4-bit shift register which transmits a logical ‘‘1’’ from input D to output Q4 after five clock pulses. 
A logical ‘‘1’’ in Q4 will charge up the 2uF capacitor, turn on the AUX. DELAY OUTPUT for 12 seconds and keep the LS$7225 in the RESET 
Mode vis SEQUENCE ENABLE (pin 2). After the 2uF capacitor discharges, pin 2 of LS7225 becomes a logical ‘‘0’’ and the keyless lock integrated 


circuit is ready to accept key inputs. 


-9/225/6 


**NOTE: Due to mechanical keyboard bounce it may be necessary to include these (750pf) capacitors. 
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LSI COMPUTER 
SYSTEMS INC. 


FEATURES: 
@ Stand alone lock logic 
@ 9 bit code determined by 9 parallel inputs 
® Two options of code input available: 
LS7228 — Dual train pulsed input 
LS7229 — Two momentary switches 
@ Qut of sequence disabling circuit 
e Current source lock control output 
® External controlled delay to set maximum inter- 
pulse time. 
@ Single power supply operation (2.5V to 15.0V) 
® Low standby current (15uA maximum) 
e@ 16 pin dual-in-line plastic package 
e Cascadable 


DESCRIPTION: 

LS7228/LS7229 are monolithic ion implanted MOS eni- 
coder circuits. Each circuit includes logic for interpreta- 
tion of correct sequential key closure or pulse input and a 
momentary lock control output. An out of sequence de- 
tection will disable any further insertions, and a new 
Sequence may be reapplied after a delay time, determined 
by an external R/C time constant. 


The LS7228 utilizes a dual train input format where the 
input ‘ “one's” data is applied to pin 13 and the input 
“'Zero'S'' is applied to pin 14. The common input (pin 15) 
is not used. (See figure 4). The LS7229 utilizes two 
momentary switches and pins 13, 14 and 15 in a manual 


Operating mode. 


PROGRAMMING 9 BIT CODE: 

Pin 1 (leading bit) and through Pin 9 (end bit) with 512 
(leading bit) different combinations. To program a Logic 
1 the pin is left floating. To program a Logic 0 the pin is 
tied to VDD (GND). 


LOCK CONTROL OUTPUT: 

Code entry is made at the one’s port or the zero’s port 
with logical one levels (+ volts) and returned to the 
logical zero level (GND) in sequential order. The lock 
contro! output will change to a logical one after the last 
correct bit entry returns to logical zero and will remain ata 
logical one for the period of the external R/C delay. If it is 
desired to maintain a constant logical one output, a tenth 
entry either at the one or zero port must be held at a 
logical one level. 


STANDBY AND OPERATING CURRENT: 
1. Upon application of supply voltage, the standby 
section is activated, leaving the remaining portion 
of the circuit unenergized. 


Manufacturers of Custom and Standard LSI Circuits 
1235 Walt Whitman Road, Melville, NY 11747 


= _I- i TWX: (510) 226-7833 FAX: 516 271 0405 


Telephone: (516) 271-0400 


7998/LS7229 | ADDRESS DECODER/TWO PUSHBUTTON DIGITAL LOCK 


REVISED NOVEMBER 1985 


(leading bit) CODE 111) & 16} VDD (GND) 
CODE 2 |2| 15} COM 
CODE3 [3] 14) ZERO’S 
CODE 4 (4) 13} ONE'S 
CODE5 [5] . EXTERNAL R/C 
CODE6 [6 [U1] OUTPUT 
CODE 7 10] VSS (+2.5V to +15V) 
CODE 8 [8] 19} CODE 9 (END BIT) 


Figure 1 
TOP VIEW 
Standard 16 pin DIP 


STANDBY AND OPERATING CURRENT (cont’d.) 
(Standby current is 15 A max.) 

2. The entire circuit is energized by entering the first bit in the code 
pattern and will be energized only during the selected external R/C 
delay time, every bit entry will refresh the external delay time. (Operat- 
ing current is 5mA max.) 


CASCADING: 
see Figure 4. 


DESCRIPTION OF INTERNAL OPERATION: (See fig. 3) 


1 When entering code to either the one’s port or the zero’s port, an 


If an incorrect insertion occurs, the one is prevented from 
advancing even though further code insertions occur, keeping 
the external capacitor fully charged. Only the removal of code 
entrys will allow the external capacitor to discharge and reset 
the error logic, thereby permitting a new attempt at entering the 
correct code. | 


external capacitor is charged and an internal inhibit is removed to 
allow further code insertion, providing that the previous insertion 
was the correct code. In effect, a one is transmitted through the 
nine BIT shift register if the input sequence agrees with the 
program applied to pins one through nine. 


MAXIMUM RATINGS: 


PARAMETER SYMBOL VALUE UNITS 
Storage Temperature Tstg —65 to +150 °C 
Operating Temperature Ta —25 to +70 i 
Voltage (any pin to Vss) Vmax —30 to +0.5 VOLTS 
DC ELECTRICAL CHARACTERISTICS 
INPUT SPECIFICATIONS 
INPUT VOLTAGE 
Program Inputs (Pins 1 through 9) 
MIN. MAX. UNITS 
Logical ‘*1”’ Vss-0.5 Vss VOLTS 
Logical ‘'0"’ 0 Vsg—2.5 VOLTS 
Serial Inputs (Pins 13, 14, 15) 
SYMBOL Vgg (VDC) MIN TYP. MAX. UNITS | 
Input Logie Vit 2.5 1.9 1.65 2.5 VDC 
ee 5.0 4.3 4.0 5.0 VDC 
Switching From 9.0 8.0 7.6 9.0 VDC 
Logic (‘‘0’’) to Logic (‘'1’’) 12.0 11.0 10.6 12.0 VDC 
15.0 14.0 13.6 15.0 VDC 
Input Logic VIH 2.5 0 af 3 VDC 
“0” 5.0 0 1.5 ‘5 VDC 
Switching From 9.0 0 2.0 1.0 VDC 
Logic (‘‘1’’) to Logic (‘‘0’’) 12.0 0 4.0 1.5 VDC 
15.0 0 4.5 2.0 VDC 
External R Applied To Pin 12 
aa SYMBOL Vss MIN TYP. MAX. UNITS 
R 2.5 33 — 3300 K° QQ 
5.0 27 — K 
9.0 22 — K Q 
12.0 15 — K QQ 
15.0 10 — 3300 K Q 
External R/C Input (Pin 12) 
SYMBOL Vss (VDC) TYP. UNITS 
Input Logic 2.5 1.6 VDC 
fd 5.0 3.8 VDC 
Switching From 9.0 7.5 VDC 
Logic (‘‘0’’) to Logic (‘‘1’’) 12.0 10.4 VDC 
15.0 13.4 VDC 
SYMBOL Vss TYP. UNITS 
Input Logic 2.5 6 VDC 
a Oe 6:0 1.2 VDC 
Switching From 9.0 2.2 VDC 
Logic (‘‘1'’) to Logic (‘‘0’’) 12.0 4.5 VDC 
15.0 6.0 VDC 
Input Current To Vss (Vin = Vpp) 
TYPICAL MAX. UNITS 
Program Inputs Standby 1 — nA 
(Pins 1 through 9) Operating 2 —5 uA 
Input Current To Vpp (Vin to Vss) The information included herein is believed to be accurate and reliable. However, 
Serial Input LS! Computer Systems, Inc. assumes no responsibilities for inaccuracies, nor 
(Pins 13 and 14) 3 5 ih for any infringements of patent rights of others which may result from its use. 
(Pin 15) 1.5 3 uA 


MAX FREQUENCY - vs - OPERATING VOLTAGE FOR DUAL TRAIN OPERATION is Linear with respect to capacitor size applied to pin 


12. See Dynamic Electrical Characteristics (See below) 


OUTPUT SPECIFICATIONS 
LOCK CONTROL OUTPUT PIN 11 


SOURCE CURRENT 
Vout = Vss- .5 VDC 


Vout = Vss- 1.0 VDC 


Vout = Vss - 1.5 VDC 


NOTE: Pin 11 (Lock Control Output) is only a current source. Use a resistor to ground (Vpp) if driving capacitor load. 


PARAMETER 


Input Pulse Width 
(with C on Pin 12 


<.01 uf) 


Output Delay 


Output Pulse Width Top typically 1.25 time constants of external RC network applied to Pin 12 


Input 
Interpulse time 


EXAMPLE 
CODE 


Vss 
2.5VDC 
5.0VDC 
9.OVDC 

12.0VDC 
15.0VDC 
2.5VDC 
5 .OVDC 
9.OVDC 
12.0VDC 
15.0VDC 
2.5VDC 
5.OVDC 
9 OVDC 
12.0VDC 
15.0VDC 
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DYNAMIC ELECTRICAL CHARACTERISTICS (See Fig. 2) 


UNITS 
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Figure 2 


TIMING DIAGRAM 
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for static 


' ock output 


10th Insertion 
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EXT. 
MOMENTARY an | 
SWITCHES 
Zero’s ERROR 
Sensing SENSING | 
Comparator 
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Conditioning 
Network ae 
| CL 
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OUTPUT 14] 
Comparator. 9 BIT SHIFT REGISTER 
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DEBOUNCE PROGRAM FORCODE 1 1 1 0 1 0 1 


NETWORK : 
Signal 


Conditioning 
Network 


DEBOUNCE LS7229 BLOCK DIAGRAM 


NETWORK 


LS7228 may be used with manual single pole single throw e 
switches if debounce filters are added to inputs 13 & 14. Figu re 3 
(As shown) 
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~ TOUCH CONTROL CONTINUOUS DIMMER LIGHT 
SWITCH AND A.C. MOTOR SPEED CONTROLLER” 


FEATURES: 


LS7231-5 


Phase-locked loop synchronization produces pure AC 
waveform across output load with no DC offset 

e Provides ON/OFF or brightness control of incandescent 
lamps and ON/OFF or speed control of A.C. motors without 
the use of mechanical switches. 

e Controls brightness by controlling the AC Duty 
Cycle 

@ Provides speed control of AC Motors, such as shaded 
pole and universal series motors 

e Controls the ‘‘Duty Cycle’’ from 25% to 88% (on 
time angles for AC half cycles between 41° and 159° 
respectively) 

e Qperates at 50H2/60Hz line frequency 

e Provides control through transformers for low voltage 
lighting applications - 

e Input for extensions or remote sensors 

e Input for slow dimming 

@ 12V to 18V DC supply voltage 


DESCRIPTION: 

LS 7231 through LS 7235 is a series of monolithic, ion 
implanted MOS circuits that are specifically designed for 
brightness or ON/OFF control of incandescent lamps or 
speed of AC motors used on the AC line. The outputs of 
these chips control the briahtness of a lamp or speed of 


an AC motor by controlling the firing angle of a triac con- 


nected in series with the lamp or AC motor. All internal 
timings. are synchronized with the line frequency by means 
of a built-in phase locked loop circuit. The output occurs 
once every half cycle of the line frequency. Within the half- 
cycle, the output can be positioned anywhere between 159° 
phase‘angle for maximum brightness/speed and 41° phase 
angle for minimum brightness/speed in relation to the line 
frequency. The positioning of the output is controlled by 


‘appling a low level at the sensor input or a high level at 


the slave input. 


These functions may be implemented with very few inter- 
face components which is described in the application ex- 
amples. When implemented in this manner, a touching of 
the sensor plate causes the lamp brightness or AC motor 
speed to change as follows: 


1. If the sensor is touched momentarily (32ms to 
332ms), the lamp or AC motor is: 


(a) turned off it it was on. 


(0)turned on if it was off. The brightness/speed 
resulting is either full brightness/speed or, 
depending on the circuit type, a previous 
brightness/speed stored in the memory. 


VSS (+12 to +18 VDC) }1| & 
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CONNECTION DIAGRAM — TOP VIEW 
STANDARD 8 PIN PLASTIC DIP 


‘81 OUT 


VDD (GND) 


DOZE | 2 | 


CAP 6 | SLAVE 


SYNCHRO SENSOR 


FIGURE 1 


* Some motors may require a higher minimum duty cycle 


(mask option) 


2. If the sensor is touched for a prolonged time (more 
than 332ms) the light intensity changes slowly. As 
long as the touch is maintained, the change con- 
tinues; the direction of change reverses whenever 
the maximum or minimum brightness is reached. 


The circuit also provides an input for slow dimm- 
ing. By applying a Slow clock to this input, the lamp 
can be dimmed slowly until total turn off occurs. This 
feature can be useful in children’s bedroom lights. 


INPUT/OUTPUT DESCRIPTION: 


VSS (Pin 1). 
Supply voltage positive terminal. 


DOZE (Pin 2). | 

A clock applied to this input causes the brightness to decrease in 
equal increments with each negative transition of the clock. 
Eventually, when the lamp becomes off, this input has no further 
effect. The lamp can be turned on again by activating either tne 
SENSOR input or the SLAVE input. For the transition from max- 
imum brightness to off, a total of 83 clock pulses are needed at 
the DOZE input. 


When either the SENSOR or the SLAVE input is active, the DOZE 
input is disabled. 


CAP (Pin 3). 
The CAP input is for external component connection. A capacitor 
of 047uF + 20% should be used at this input. 
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The functional differences of different variations of the light dimmer circuits are explained in Table | and the output phase 


angle diagrams in Fig. 3. 


MOMENTARY | 
(32ms to 332ms) (note 3) 


Off 
Max. 
Intermediate 


LS7231 


LS$7232 Off Memory 
(See note 1) 
Max. Off 
Intermediate Off 
LS7233 Off Max. 
Max. Off 
| Intermediate Off 
L$7234 Off Memory 


(See note 1) 
Off 
0 


Max. 
Intermediate 


TYPE 
PRE-TOUCH POST-TOUCH 
BRIGHTNESS BRIGHTNESS 
ax. 


M 
Oft 
Off 


ff 
LS7235 Max. 
Off 


TABLE | 


SENSOR (TOUCH) DURATION 


| PROLONGED | 
| (More than 332ms) (note3) 
PRE-TOUCH POST-TOUCH 
BRIGHTNESS BRIGHTNESS 


N/A 7 N/A 
N/A N/A 


DIMMING 
DIRECTION 
REVERSAL 


Off 
Max. 
Intermediate | 


Starts varying at Min. 
Starts varying at Max. 


Starts varying at 
Pre-Touch brightness 


Starts varying at 
Memory (Note 2) 


Starts varying at Max. 


Starts varying at 
Pre-Touch brightness 


Starts varying at Min. 
Starts varying at Max. 


Starts varying at 
Pre-Touch brightness 


Starts varying at 
Memory (Note 2) 


Starts varying at Max. 


Starts varying at 
Pre-Touch brightness 


Off 


Max. 
Intermediate 


Off 
Max. 
Intermediate 


Off 


Max. 
Intermediate 


N/A 
N/A 
NO 
YES 
N/A 
YES 
N/A 
N/A 
YES 
NO. 
N/A 
NO 
N/A 
N/A 


NOTE 1. ‘‘Memory”’ refers to the brightness stored in the memory. The brightness is Stored in the memory when the light is turned off by 
momentary sensor touch. First time after power-up, momentary touch produces max. brightness. : 7 


NOTE 2. First time after power-up, prolonged touch causes intensity to vary starting at min. 


NOTE 3. Thetime figure is based on 60Hz synchro frequency. For 50Hz the figures are 39ms and 399ms. 


SYNCHRO (Pin 4). | 

The a-c line frequency (50Hz/60Hz), when applied to this input, 
synchronizes all internal timings through a phase locked loop. 
The signal for this input may be obtained from the line voltage by 
employing the circuit arrangment shown in the application notes. 


SENSOR (Pin 5). | 

A low level applied to the sensor input controls the turn on or turn 
off of the output as well as its phase angle with respect to the 
synchro input. A description of this is provided in the general 
description and Table |. . 
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SLAVE (Pin 6). 

The SLAVE input is functionally similar to the SENSOR input with 
the exception that the active level is a logical high as compared to 
the logical low level for the sensor input. It is recommended that 
the SLAVE input be used instead of the SENSOR input when long 
extension wires are used between the sensing plates (or 
Switches) andthe dimmer chips. __ 


VDD (Pin 7). a 
Supply voltage negative terminal. 
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OUT (Pin 8). 

The output is a low level pulse occurring once every half cycle of 
the synchro signal. The phase angle, ¢ of the output in relation to 
the synchro signal controls the lamp brightness. 


In continuous dimming operation (i.e., when the sensor input is 
continuously held low) the output phase angle, ¢ sweeps up and 
down between 41° and 159° continuously. The time vs ¢ curve, 
however, is not a linear one (see Fig. 3). Between two maxima on 
this curve, there are 4 discontinuous points labeled Aj, By, Bo, 
Ao. The discontinuities are as follows: 


ABSOLUTE MAXIMUM RATINGS: 


PARAMETER SYMBOL 
DC supply voltage VSS 

Any input voltage VIN 
Operating temperature TA 
Storage temperature Tstg 


DCG ELECTRICAL CHARACTERISTICS: 
(Ta=0 to 80°C, all voltages referenced to VDD) 


PARAMETER SYMBOL MIN. 
Supply voltage Vss +12 
Supply current Iss 
Input Voltages 
Doze LO Vizi 0 
Doze HI VizH VSS-2 
Synchro LO VIRL 0 
synchro HI ViIRH Vss-5.5 
Sensor LO VIOL 0 
sensor HI j VIOH Vss-2 
Slave LO Viv 0 
Slave HI ViVH Vss-2 
Input Current: 
Synchro, Sensor | = 
& Slave HI " 
Doze HI — — 
Doze LO — — 
Output HI Vitg — 
Output LO Vitg —_— 
Output Sink _ 35 
Current 
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1. From maximum to Az. In this region, ¢ is changed by equal 
increments ( A¢) for every 2 synchro clocks. 


2. From Aj to By. Inthis region, the increments ( A¢) take place 
for every 4 synchro clocks. 


3. From By to Bo. In this region ¢is held at a constant level 
( A¢=0). 

4. From Bo to Ao. Same as 2. 

From Ao to Maximum. Same as 1. 


The slower rate of change in over A;B1B2Aoe region is to 
accommodate for eye adjustment at lower light intensity. 


VALUE UNITS 
+20 Volt 
VSS + .5 Volt 
0 to +80 °C 
—6§5 to +150 °C 
CONDITIONS/ 
MAX UNIT REMARKS 
+18 Volts 
1.5 mA 
Vss-6 Volts @ Vss=+15V, 
Vss Volts Output off 
Vss-9.5 Volts 
Vss Volts 
Vss-8 Volts 
Vss Volts 
Vss-8 Volts 
Vss Vaits 
110 uA With Series 1.5MQ 
Resistor to 
115 VAC Line 
5 nA 
5 nA 
— Volts 
—_ Volts 
= @ Vss=+15V 
mA Vo =Vss-3 


FREQUENCY CHARACTERISTICS (See Fig. 2 & 3) 


All timings are based on fs =60Hz, unless otherwise specified. 


PARAMETER 


synchro Frequency 

Sensor Duration 
(ON/OFF Oper.) 

Sensor Duration 
(Dimming Oper.) 

Doze Frequency 

Output Pulse Width 

Output Phase-Angle 
(Note 1) 

¢ Period (Max to Max in 
continuous dimming) 

A,B; =Bo2Ao duration 

B1Bo, Minintensity dwell 


~ SYMBOL 


MIN 
40 


32 


3.74 


934 
500 


UNIT 
Hz 
ms 


ms 

Hz 

pS 

degrees ! 
sec. 


ms 
ms 


Note 1. In the circuit arrangement described in the application notes, the synchro input signal is delayed in phase in relation to the line 
frequency by about 6°, resulting in a-¢ range between 35° and 152°. With higher R-C value the phase angle range may be shifted 


down further. 


SYNCHRO 


pond 


. tf 


Al 


Tw 


FIGURE 2 — OUTPUT PHASE ANGLE 


6 8 10 
SECONDS 


Note: The timings are indicated after initial Power-up. 
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LS7232 


LS$7233 


LS7234 
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FIGURE 3 
OUTPUT PHASE-ANGLE, ¢ Vs, SENSOR INPUT 
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DRIVER 


POINTER 


LS7231-LS/7235 
BLOCK DIAGRAM 


APPLICATION EXAMPLES: 


A typical implementation of the light dimmer circuit is shown in 
_ Fig. 5. Here the brightness of the lamp is set by touching the 
sensor plate. The functions of different components are as 
follows: 


@ The 15V DC supply for the chip is provided by Z, D1, R1, 
C2 and C5. 

@ Ro and C4 generate the filtered signal for the SYNCHRO 
input for synchronizing the internal PLL with the line 
frequency. 

@ Rg and C; act as a filter circuit for the electronic extension. 
lf extensions are not used, the slave input (Pin 6) should 
be tied to Vpp (Pin 7). 
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® R,, Rs and Re set up the sensitivity of the sensor input. 
Cg provides noise filtering. 

o C3 is the filter capacitor for the internal PLL. 

© [Do limits the positive excursion of Triac gate to about Vss 
+ .5V. This positive excursion of the gate may occur 
during the triggered state of certain triacs. 

e@ C; and L are PF filter circuits. 


In the case of momentary power failure, the circuit state remains 
unchanged for a period of up to 1 sec. For longer power interrup- 
tions, the output is shut off. 
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ISO/IS1 


G-L€2ZS1 


p 
& O\O 
C8 
R7 
ELECTRONIC 
EXTENSION 
(fig. 6) 
Cl 
TIOVAC RS R6 SENSOR 
220VAC | PLATE 
Out VDD SW Sens 
vod 
LS7231-35 cao 
LAMP SENS 
CONNECTION _VSS Doze Cap Sync | | i 
R2 
oe , MOTOR 
Motor LAMP . CONNECTION 
o—+ | D2 
oO 6% FIGURE 5 | | ft tt 
O A TYPICAL LIGHT DIMMER Se 
Notes 1) All circuits connected by broken lines are optional 
O : 2) C7 is used only when electronic extension 1s connected 
3) Connection between Pin 1 & Pin 2 should be broken when Doze circuit is used 
: 115V 220V 
C1 = 0.15yF/250VAC R4 = 1M2 to 5MO/%W C1 = 0.15uF/400VAC R4 = 1mo9 to SMOQ/“~W 
C2 = 0.22nF/250VAC (select for sensitivity) C2 = 0.22uF/400VAC R5, R6 = 4.7MQ/%W 
C3 = .047pF/16V R5, R6 = 2.7MQ/V%4W | C3 = .047pF/16V D1, D2 = 1N4148 
C4 = 470pF/600V D1, D2 = 1N4148 C4 = 470pF/600V Z = 15V/1W (Zener) 
C5 = 47yF/25V Z = 15V/1W (Zener) C5 = 47pF/25V T = Q5004 L4 triac (TYPICAL) 
C6 = 680pF/50V T = TL500D or C6 = 680pF/SOV L = 200uH 
C7 = .2uF/25V Q4004L4 triac (TYPICAL) C7 = .2uF/25V (RFI Filter) 
R1 = 2700/2W L = 100nH ** C8 = .047pF/400V 
R2 = 1.5M/%4M (RFI Filter) R1 = 1KQ/1W 
R3 = 680K0/1AW ** C8 = .047,F/250V R2 = 1.5MQ/ 1/4W 
** R7 = 1.8K0/2W R3 = 680K0/%4W 
R8 = 100KO/YW **R/ = 1.8KQ/2W 
**R7 and C8 Network may be required for some inductive loads. R8 = 100KOQ/“%W 
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PLATE 
2MQ/Y%4W 
22MQ/V4Ww 
o. 2MQ/Y4W 
1 pF/500V 
1N4007 
150K /3AW 
P et 
FIGURE 6 — ELECTRONIC EXTENSION 
VSS 5 
3.3M 
4} 4093 P—¥ 
qe 
10uF 


SENS 


© DOZE 
O SWITCH 


FIGURE 7. DOZE CIRCUIT 


EXTENSIONS: (Fig. 6) 

All switching and dimming functions can also be implemented by 
utilizing the slave input. This can be done by either a mechanical 
switch or the electronic switch in conjunction with a sensing plate 
as shown in Fig. 6. When the plate is touched, a logical high level 
is generated at the EXTENSION terminal for both half cycles of the 
line frequency. 


The information included herein is believed to be 
accurate and reliable. However, LS! Computer Systems, 
Inc. assumes no responsibilities for inaccuracies, nor for 
any infringements of patent rights of others which may 
result from its use. 
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DOZE CIRCUIT: (Fig. 7) 
The Doze circuit shown in Fig. 7 generates a slow clock 
(0.04Hz) at the DZ terminal. If the sensor plate (Fig. 5) is not 
touched, the SENS terminal of the Doze circuit of Fig. 7 sits at a 
logical high level. A momentary pressing of the Doze switch sets 
the SR flip-flop, enabling the oscillator. Every negative transition 
of the clock (DZ terminal) causes the light intensity to be reduced 
by equal increments, until eventually the light is shut-off. The 
oscillator has no further effect on the dimmer circuit. When the 
light is turned on again by touching the sensor plate, the SR 
flip-flop is reset and the DZ clock is turned off. 


When the Doze circuit is used, the connection between Doze 
input (Pin 2) and Vss (Pin 1) as shown in Fig. 5, should be 
removed. 
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FEATURES: 


e Phase-locked loop synchronization produces pure AC 
waveform across output load (no DC offset) 

e Provides On/OFF or brightness control of incandescent 
lamps and ON/OFF control of fluorescent lamps (mode 
‘‘Q”’ only) without the use of mechanical switches. 

e Controls brightness by controlling the AC ‘‘duty cycle’ 
hence reducing the power dissipation. 

e Provides speed contro! of AC motors, such as shaded 
pole and universal series motors 

e Controls the ‘‘Duty Cycle’ from 25% to 88%. (on time 

| angles for AC half cycles between 45° and 159° respec- 

| tively.) 

e Operates on 50HzZ/60Hz line frequency. _ 

e Provides control through transformers for low voltage 
lighting applications. 

e Input for extensions or remote sensors. 

e 12V to 18V supply voltage. 


DESCRIPTION: 

LS7237 is a monolithic, ion implanted MOS circuit 
designed for A.C. Power control. The output of the 
LS7237 triggers a triac (see applications examples) 
connected in series with either alamp or an A.C. motor. 
The lamp brightness or motor speed is determined by 
controlling the output phase angle (triac triggering 
angle) in relation to the A.C. line frequency. 


The output phase angle can be varied by applying a low 
level pulse at the SENSOR input or a high level pulse at the 
SLAVE input. When implemented as shown in the appli- 
cation example, this is accomplished by touching the 
appropriate sensor plates. 


There are five specified levels of power through which 
the output can be stepped. The power levels (described 
in terms of lamp brightness, but also applying directly 
to motor speed) are as follows: 


The information included herein is believed to be 
accurate and reliable. However, LSI Computer Systems, 


Inc. assumes no responsibilities for inaccuracies, nor for 
any infringements of patent rights of others which may 
result from its use. 
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TOUCH CONTROL STEP DIMMER LIGHT SWITCH AND 
A.C. MOTOR SPEED CONTROLLER” 


CONNECTION DIAGRAM: 


ss 
2 


MODE| 2 | 
CAP | 3 


SYNCHRO] 4. 


TOP VIEW 
Figure 1 


* Some motors may require a higher minimum duty cycle 
(mask option) 


LEVEL BRIGHTNESS (% Rated Wattage) 
Off 0 
Night Light 9 
Mood Light 29 
Medium 66 
Maximum 99 


The circuit may be selected to operate in one of three 
different modes by tying the MODE input to specific 
voltage levels (see INPUT/OUTPUT description). The 
sequences of brightness control in the different modes 
are as follows: 


MODE BRIGHTNESS SEQUENCE 
0 Off - Max - Off 
1 Off - Mood - Med - Max - Off 
2 Off - Night - Mood - Med - Max - Off 


After a power-up, the output comes up in the OFF state. 
Following that, every time the sensor plate is touched, the 
Output steps to the next level of brightness. The next step 
following the maximum brightness is the OFF state, initi- 
ating a new sequence. 
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INPUT/OUTPUT DESCRIPTION: 
| Vsg (Pin 1) 


- Supply voltage positive terminal. 
MODE (Pin 2) 
The operating mode for the circuit is selected im ying tl this ee = 
as follows: 
MODE INPUT SELECTED MODE 
Vss Mode 0 
| Vop Mode 1 
Float Mode 2 
CAP (Pin 3) 


The CAP input is for external component connection. A capacitor 


of 0.047 uF +20% should be used at this input. 


SYNCHRO (Pin 4) 

The a-c line frequency (50Hz/60Hz), when applied to this input, 
synchronizes all internal timings with the line frequency througha 
phase locked loop. The signal for this input may be obtained from 
the line voltage by employing the circuit arrangement shown in 
the application examples. 


SENSOR (Pin 5) 
Low level pulses applied to this input cause the output to step 


™ through the successive evals of otis aiiaies (brightness). 1 The 


output stepping takes place with the trailing edges of the input 
pulses. 


SLAVE (Pin 6) 
The SLAVE input is functionally similar to the sensor input with 


~ > the exception that a positive going pulse is the active signal in this 
Case. It is recommended that the SLAVE input be used instead of 


. -the SENSOR input when long extension cables are used between 
the sensor plate and the dimmer circuit. 


Vpp (Pin 7) 
Supply vonage negative terminal. 


OUT (Pin 8) 

The output is a low level pulse of fixed duration, occurring every 
half cycle of the SYNCHRO input signal. The phase angles, ¢ of 
the output in .relation to the synchro signal controls the lamp 
brightness. The 5 levels of brightness oie venN to the phase 
angle values (@) as follows: | | 
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FIGURE 2- OUTPUT PHASE-ANGLE @ 


OUTPUT PHASE ANGLE (¢) BRIGHTNESS LEVELS 
No output Off 
— 45° Night Light 
70° Mood Light 
105° Medium 
159° Maximum 
LS7237 


| 
| 


ABSOLUTE MAXIMUM RATINGS: 


PARAMETER SYMBOL VALUE 

DC supply voltage Ves +20 

Any input voltage Vin Vsg + ..5 
Operating temperature Ta 0 to +80 
Storage temperature Tstg —65 to +150 


DC ELECTRICAL CHARACTERISTICS 
(Ta = 0 to 80°C, all voltages referenced to Vpp) 


PARAMETER SYMBOL MIN. TYP MAX 
Supply voltage Ves +12 — +18 
Supply current Iss 1.0 1.5 
Input voltage 

MODE LO Vizi 0 — Vss-9 
MODE HI Vi7H Vss-1.5 — Vss 
synchro LO VIRL 0 = Vss-9.5 
synchro HI ViRH Vss-9.5 — Vss 
sensor LO Vio 0 — Vss-8 
sensor HI Vio Vg9-2 — Vss 
Slave LQ Vive 0 eh Vsg-8 
slave HI VIVH Vss-2 _ Vss 


Input Current: 
synchro, Sensor 
& Slave HI Ny cael — 700 


synchro, Sensor 

& Slave LO IL — — 15. 
Output HI Vitg — Vss — 
Output LO Vitg , — Vss-4 — 
Output Sink | 

Current =: . 5 a a 


FREQUENCY CHARACTERISTICS (See Fig. 2 & 3) 
All timings are based on fs = 60Hz, unless otherwise specified. 


PARAMETER SYMBOL MIN. TYP. 
Synchro Frequency f, 40 — 
Sensor Duration Toy 49 — 

| Output Pulse Width Tw 40 — 
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UNIT 


Volts 
mA 


Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 
Volts 


uA 


nA 
Volts 
Volts 


mA 


MAX. 


70 
Infinite 
55 


CONDITIONS/ 
REMARKS 


@Vss = + 15V, 
output off 


Vinput = Vss 
= + 15V 


Leakage current 


@Vss = +15V 
Vo = Vsg-3 


UNIT 


Hz 
ms 
The) 
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SENSOR | | | | | | | | | | | 


159° 159° 159° 


@, MODE 0 


OFF OFF OFF 


g, MODE 1 


159° 
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FIGURE 3 
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APPLICATION EXAMPLES: 
1. A TYPICAL LIGHT DIMMER (FIGURE 5) 
A typical implementation of the light dimmer circuit is shown in Fig. 5. Here the PUES of the lamp is set by touching the sensor 
plate. The functions of different components are as follows: 
e The 15V DC supply for the chip is provided by Z, D1, R1, C2 and C5. 
@ Ro and Cy generate the filtered signal for the SYNCHRO input for synchronizing the internal PLL with the line frequency. 
e Rg and C; act as a filter for the electronic extension. If extensions are not used, the slave input (Pin 6) should be tied to Vpp 
(Pin 7). 
® R4, Rs, and Re set up the sensitivity of the sensor input. Cg provides noise filtering. 
e (3 is the filter capacitor for the internal PLL. 


e {> limits the positive excursion of Triac gate to about Vox +.5V. This postive excursion of the gate may occur during the 
triggered state of certain triacs. 


@ C, and L are RF filter circuits. 


In the case of momentary power failure, the circuit state remains unchanged for a period of up to 1 sec. For longer power 
interruptions, the output is shut off. 


115VAC 220VAC 
C1 = 0.15uF/250VAC R4 = 1MQ2 to 5MQ2 C1 = 0.15F/400VAC — R4= 1M &2 to 5M £2 /Ya4W 
C2 = 0.22uF/250VAC (select for sensitivity) C2 = 0.22uF/400VAC R5, R6 = 4.7M Q2/%W 
C3 = 0.047 ,F/25V [YaW C3 = 0.047.F/25V D1, D2 = 1N4148 
C4 = 470pF/600V R5, R6 = 2.7MQQ /%W C4 = 470pF/600V Z = 15V/1W(Zener) 
C5 = 47pF/25V D1, D2 = 1N4148 C5 = 47nF/25V T = Q5004L4 Triac (Typical) 
C6 = 680pF/50V Z = 15V/1W (Zener) C6 = 680pF/50V L = 200nH 
C7 =.2uF/25V T = T2500D or Q4004L4 C7 =.2uF/25V (RFI Filter ) 
Ri = 27092 /2W Triac (Typical) | RT = 1KQ/1W 
R2 = 1.5M/%W L = 100uH R2 = 1.5MQ 
R3 = 680K 02 /%4W (RFI Filter) R3 = 680K 02/%W 


LSI/CSI | 9-13 


vi-6 


C1 


1TIOVAC 


or 
220VAC 


ISIS 


VDD Siv 


Out Sens 


LS$7237 


VSS Mode Cap Sync 


peep 


anow OO LAMP FIGURE 5 
A TYPICAL LIGHT DIMMER 
| Notes: 1) All circuits connected by broken lines are optional 
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FIG.6 - ELECTRONIC EXTENSION 


2. EXTENSIONS (FIGURE 6) | 
All switching and dimming functions can also be implemented by utilizing the slave input. This can be done by either a mechanical 
switch or the electronic switch in conjunction with a sensing plate as shown in Fig. 6. When the plate is touched, a logical high lével 
is generated at the EXTENSION terminal for both half cycles of the line frequency. 
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Ri L$7237 
LAMP 
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CONNECTION eine 

Lae R2 ee MM eR ee ae Seal ae, ee ee cae ork cece ee a as on ae J 
) | AGC TOUCH CONTROL WITH LINE PLUG REVERSIBILITY 

connection |___§ J “*_J (FIGURE 7) 
| SEE NOTE 1 

C1 = 0.14F/250V 
C2 = 0.5uF/250V R1 = 1KO/1W D1,D2 = 1N4148 
C3 = 0.047uF/16V R2 = 1.5MQ/1/4W D3 = 1N4007 
C4 = 470pF/600V R3 = 100K0/1/4W ICi = CD4069 
C5 = 68uF/25V R4 = 4.7MO/1/4W Z = 15V/1W (ZENER) 
C6,C7 = .OO1WF/IKV R5 = 680K0/1/4W Q1 = MPSA13 
C8 = 0.1uF/50V R6 = 10K1/1/4W L = 1004H (RF1 FILTER) 
C9 = 0.5u4F/50V R7 = SIKQ/1/4W S = SENSOR PLATE _ 
C10 = 100pF/50V R8 = 1.8K0//21W (See Note 2) T = Q4004L4 Triac (TYPICAL) 


C11 = 0.047F/250 V (See Note 2) 


NOTE 1: This circuitry can also be used to achieve reversible plug operation for motor speed control and heating element applications. 


NOTE 2: Network R8-C11 is needed for inductive loads (such as motors) only. 


3. TOUCH CONTROL WITH AGC (Figure 7) AND LINE PLUG REVERSIBILITY 
In applications where a lamp metal body or a motors metal framework is used as the sensor plate, the AGC circuit of Figure 
7 may be used to accommodate a wide range of sensor plate sizes. S is the metal body which is also the touch sensor plate. 


The CMOS inverter pair (IC 1), along with the RC network R7-C10 forms an oscillator circuit running at a nominal frequency 

of 100KHz. The oscillation is coupled to the anode of D3 through resistor R6. Since the amplitude of oscillation is 
of fixed magnitude, the D.C. voltage at the cathode of D3 is at a fixed level. This keeps the darlington pair Q1 on, but close 

to cutoff level. When S is touched, the amplitude of oscillation at the anode of D3 decreases. This decrease causes the D.C. 

voltage at the cathode of D3 to drop, which in turn is coupled through C9 to the base of Q1, cutting Q1 off. The collector 

voltage of Q1 rises to logic 1 level for the LS7237 sense input causing the output to step to the next intensity level. The 

voltage across C9 adjusts itself automatically as a function of lamp size thereby providing circuit AGC. 

SNUBBER NETWORK R8-C11 is only required for inductive loads, such as motors. 
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LS 7331 


TOUCH SENSITIVE LIGHT DIMMER AND A.C. MOTOR SPEED 
CONTROLLER WITH COMPUTER CONTROL AND MONITORING 


jie 
Provides speed control of A.C. motors and brightness 
control of incandescent lamps without the use of 
mechanical switches. 
2 Controls brightness/motor speed by controlling the a-c 
‘duty cycle’’ hence reducing the power dissipation 
° Controls the ‘‘duty cycle’ from 23% to 88% (on time 
angles for a-c half cycles between 41° and 159° 
respectively. 
o Allows computer control of lamp or motor operation. 
o Provides outputs to computer indicating when lamp 
is at full brightness and when it is varying in brightness. 
o Has an output that indicates when loss of power has 
occurred. 
Operates on 50 Hz/60 Hz line frequency. 
Input for extensions or remote sensors. 
Input for slow dimming. 
12V to 18V DC supply voltage. 


o 8 6 9 


DESCRIPTION: 

LS 7331 and LS 7332 are monolithic, ion implanted MOS 
circuits that are specifically designed for the control of 
brightness of incandescent lamps or speed of AC motors 
used on the a-c line. The outputs of these chips control the 
brightness of a lamp or speed of an AC motor by controlling 
the firing angle of a triac connected in series with the lamp 
or AC motor. All internal timings are synchronized with the 
line frequency by means of a built-in phase locked loop cir- 
cuit. The output occurs once every half cycle of the line fre- 
quency. Within the half-cycle, the output can be positioned 
anywhere between 159° phase angle for maximum 
brightness/speed and 41° phase angle for minimum 
brightness/speed in relation to the line frequency. The posi- 
tioning of the output is controlled by applying a low level 
at the sensor input or a high level at the slave input. Alter- 
nately, the sensor input can be applied via a microprocessor 
or computer. The DIM and FULL outputs are used to indicate 
the present state of the lamp or motor to the computer. 


These functions may be implemented with very few inter- 
face components, which are described in the application ex- 
amples. When implemented in this manner, a touching of 
the sensor plate or a control signal from the computer causes 
the lamp brightness or motor speed to change as follows: 


1. If the sensor is touched or a control signal is applied 
momentarily (32ms to 332ms), the lamp or motor is: 


(a) turned off if it was on, 


(b)turned on if it was off. The brightness/speed to 
which the light/motor is turned on is either full 
brightness/speed, or depending on the circuit type, 
a previous brightness/speed stored in the memory. 


REVISED JANUARY 1987 


CONNECTION DIAGRAM — TOP VIEW 
STANDARD 14 PIN PLASTIC DIP 


VSS 
(+12 to +18 VDC) 


NC [2 13} SYNCHRO 


FULL OUT 


FIGURE 1 


2. If the sensor is touched or the control signal is ap- 
plied for a prolonged time (more than 332ms) the light 
intensity/speed changes slowly. As long as the touch 
is maintained, the change continues; the direction of 
change reverses whenever the maximum or minimum 
brightness/speed is reached. 


The circuit also provides an input for slow dimming. 
By applying a slow clock to this input, the lamp can 
be dimmed slowly until total turn off occurs. This 
feature can be useful in children’s bedroom lights. 


INPUT/OUTPUT DESCRIPTION: 


VSS (Pin 14). 
Supply voltage positive terminal. 


DOZE (Pin 10). 
- A clock applied to this input causes the brightness/speed 


to decrease in equal increments with each negative transi- 
tion of the clock. Eventually, when the lamp/motor turns off, 
this input has no further. effect. The lamp/motor can be turned 
on again by activating either the SENSOR input or the SLAVE 
input. For the transition from maximum brightness/speed 
to off, a total of 83 clock pules are needed at the DOZE input. 


The functional differences of different variations of the light dimmer circuits are explained in Table | and the output phase 
angle diagrams in Fig. 3. | , 


TABLE | | 


| SENSOR (TOUCH) DURATION 


MOMENTARY PROLONGED 


TYPE 
(32ms to 332ms) (note 3) (More than 332ms) (note 3) 
PRE-TOUCH POST-TOUCH PRE-TOUCH POST-TOUCH 
BRIGHTNESS BRIGHTNESS BRIGHTNESS BRIGHTNESS 
Max. 


LS 7331 Off Off Starts varying at Min. 
Max. Off Max. Starts varying at Max. 

Intermediate Off Intermediate Starts varying at 
Pre-Touch brightness 


DIMMING 
DIRECTION 
REVERSAL 


LS 7332 Off Memory Off Starts varying at 
(See note 1) Memory (Note 2) 

Max. Off Max. Starts varying at Max. 
Intermediate Off Intermediate. Starts varying at 


Pre- Touch brightness 


NOTE 1. ‘‘Memory’’ refers to the brightness stored in the memory. The brightness is stored in the memory when the light is 
turned off by momentary sensor touch. First time after power-up, momentary touch produces max. brightness. 


NOTE 2. First time after power-up, prolonged touch causes intensity to vary starting at min. | 
NOTE 3. The time figure is based on 60Hz synchro frequency. For 50Hz the figures are 39ms and 399 ms. 


OUT (Pin 8). 
The output is a low level pulse occurring once every half cycle 
of the SYNCHRO signal. The phase angle, @ of the output in rela- 
tion to the SYNCHRO signal controls the lamp brightness/motor 
speed. 


In continuous dimming operation (i.e., when the SENSOR input 

is continuously held low) the output phase angle, @ sweeps up and 

down between 41° and 159° continuously. The time vs @ curve, 

however, is not a linear one (see Fig. 3). Between two maxima 

on this curve, there are 4 discontinuous points labeled A;, By, Bo, 

Ao. The discontinuities are as follows: 

1. From maximum to A;. In this region, @ is changed by equal 
increments (A@) for every 2 SYNCHRO clocks. 

2. From A; to By. In this region, the increments (AQ) take place 
for every 4 SYNCHRO clocks. | 


3. From B, to Bo. In this. region @ is held at a constant level (AQ 


When either the SENSOR or the SLAVE input is active, the 
DOZE input is disabled. 


CAP (Pin 12). 
The CAP input is for external component connection. A 
capacitor of .047.F+20% should be used at this input. 


SYNCHRO (Pin 13). 

The a-c line frequency (50HZ/60Hz), when applied to this in- 

put, synchronizes all internal timings through a phase lock- 

ed loop. The signal for this input may be obtained from the 

line voltage by employing the circuit arrangement shown in 
the application notes. 


SENSOR (Pin 1). 

A low level applied to the SENSOR input controls the turn on or 
turn off of the output as well as its phase angle with respect to 
the SYNCHRO input. A description of this is provided in the general 
description and Table 1. 


SLAVE (Pin 3). | 

The SLAVE input is functionally similar to the SENSOR input with 
the exception that the active level is a logical high as compared 
to the logical low level for the SENSOR input. It is recommended 
that the SLAVE input be used instead of the SENSOR input when 
long extension wires are used between the sensing plates (or swit- 
ches) and the dimmer chips. 


VDD (Pin 4). 
Supply voltage negative. terminal. 


_4. From Bo to As. Same as 2. 
From As to Maximum. Same as 1. 


The slower rate of change in @ over A;B;BoAp region is to accom- 
modate for eye adjustment at lower light/speed intensity. 


DIM OUT (Pin 5). 

This CMOS compatible output is high whenever the circuit is in 
the continuous dimming mode of operation. When the lamp/motor 
is off or at full brightness/speed, this output is low. 


FULL OUT (Pin 7). | 
This CMOS compatible output is high when the lamp/motor is a 
full brightness/speed. If the lamp is off or in the continuous dim- 
ming mode, this output is low. 


re SYNCHRO BuE> = AGE 
: ee fe bed 
12 DIM 5 
49 > 0oe pub DIGITAL OUTPUT | 
| salen DRIVER FULL 7. 
SLAVE : PHASE FAIL 9 
3 eu CONTROL 
SENSOR | DECODE 
1 > LOGIC 
VSS(+) 
14 
: VDD(-) FIGURE 4 
LS7331-LS7332 
BLOCK DIAGRAM 
Si 
POO O—-@ rc—Oo O—O 
on C8 tk | 
EXTN ! 
RR ON CC CS er er 
2 ELECTRONIC 
EXTENSION 
(Fig. 6) 
115 NAG - SENSOR 
220 VAC ini 


OUT VDD SLV SENS 


LS 7331-32 
VSS__DOZE CAP SYNC 


FROM COMPUTER 


CIRCUIT 
x) ? con (Fig. 7) 
@ 
N (' 
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A TYPICAL LIGHT DIMMER/MOTOR SPEED CONTROL 
Notes: 1) All circuits connected by broken lines are optional 
2) C7 is used only when electronic extension is connected 
3) Jumper between Pin 10 & VSS should be broken when Doze circuit is used. 
4) Network C8-R7 is needed for inductive loads (such as motors) only. 
115 VAC 220 WAC 
C1 = 0.15nF/250VAC R4 = 1MQ to 5MO/%4W C1 = 0.15yF/250VAC R3 = 680KQ/14W 
C2 = 0.22uF/250VAC (select for sensitivity) C2 = 0.22uF/250VAC R4 = 10KQ% 
C3 = 0.47HF/16V R5, R6 = 2.7MO/%4W C3 = 0.47nF/16V R4 = 1MQ to SMO/AW 
C4 = 470pF/600V R7 = 1.8KQ/2W (see note -4) C4 = 470pF/600V (select for sensitivity) 
C5 = 47yF/25V Qi = 2N2222 or equivalent C5 = 47pF/25V R5, R6 = 4.7MO/v4W 
C6 = 680pF/50V D1, D2 = 1N4148 C6 = 680pF/50V R7 = 1.8KQ/2W (see note #4) 
C7 = 0.2uF/25V Z = 15V/1W (Zener) C7 = 0.2uF/25V Q1 = 2N222?2 or equivalent 
C8 = 0.047yF/250V T = 12500 (Triac) C8 = 0.047pF/250V D1, D2 = 1N4148 
(see note #4) L = 100yH (see note #4) 2 = 15V/1W (Zener) 
R1 = 2700Q/2W (RFI Filter) Ri = 2700/2W T = 12500 (TRIAC) 
R2 = 1.5MOQ/‘4W R2 = 1.5MQO/14W L = 200yH 
R3 = 680KQ/14W (RFI Filter) 


FREQUENCY CHARACTERISTICS (See Fig. 2 & 3) 


All timings are based on fs =60Hz, unless otherwise specified, 


PARAMETER SYMBOL MIN. YR MAK. 
Synchro Frequency fs 40 — 70 
Sensor Duration 
(ON/OFF Oper. ) 's1 Se | = one 
Sensor Duration | ee 
(Dimming Oper.) Tso 332 — infinite 
Doze Frequency — — — 500 
Output Pulse Width TW 40 -—— 55 
Output Phase-Angle _ 
(Note 1) 0 4} 159 
¢ Period (Max to Max in = = 798 _ 
continuous dimming) 
A;B;=B2Az2 duration ae — 934 — 
B1Bo, Min.intensity dwell — — 500 — 


UNIT 
Hz 
ms 


ms 
Hz 

US 
degrees 
Sec. 


ms 
ms 


Note 1. In the circuit arrangement described in the application notes, the synchro input signal is delayed in phase in relation to the line 
frequency by about 6°. resulting in a ¢ range between 35° and 152°. With higher R-C value the phase angle range may be shifted 


down further. 
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LS 7331 


LS 7332 
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1 POWER FAIL OUT (Pin 9). 

| Ifthe SYNCHRO input does not occur for two successvie cycles, 
| then a loss of power is assumed to have occurred and this output 
| becomes low. This output will become positive again one cycle 
after power is restored. This output is CMOS compatible. 


APPLICATION EXAMPLES: 

A typical implementation of the light dimmer/motor speed control 
circuit is shown in Fig. 5. Here the brightness of the lamp/speed 
of the motor is set by touching the sensor plate or by applying 
a control signal to 0; from the computer. The functions of different 
components are as follows: 


ABSOLUTE MAXIMUM RATINGS: 


PARAMETER SYMBOL 
DC supply voltage ~ VSS 
Any pinput voltage Vin 
Operating Temperature Th 
Storage Temperature Tstg 


DC ELECTRICAL CHARACTERISTICS: 
(T, =0 to 80°C, all voltages referenced to VDD) 


PARAMETER SYMBOL = MIN. 
Supply voltage Vss +12 
Input Voltage 

Doze LO Vizi 0 
Doze HI Vizy VSS-2 
synchro LO VIRL 0 
synchro Hl ViRH Vss-5.5 
Sensor LO VioL 0 
sensor HI Vion Ves-2 
Slave LO VIVE 0 
Slave HI ViVH Vss-2 


Slave Current: 


synchro, Sensor 
& Slave HI nm — 


synchro, Sensor 

& Slave LO lL — 
Doze Hl — — 
Doze LO — — 
Output HI Vitg — 
Output LO Vitg — 
Output Sink 

Current — 25 


Dim, Full VoL = 
& Power Fail Voy VSS-1 


The 15V DC supply for the chip is provided by Z, D1, R1, 


C2 and C5. 


Re and C4 generate the filtered signal for the SYNCHRO in- 
put for synchronizing the internal PLL with the line frequency. 
R3 and Rg are current limiting resistors in the event the ex- 
tension Circuit is incorrectly polarized. If extensions are not 


used, the slave input (Pin 3) should be tied. to V,,, (Pin 7). 
o Rs sets up the sensitivity of the sensor input. 

C3 is the filter capacitor for the internal PLL. 

o, Dp» limits the positive excursion if Triac gate to about V 
+.5V. This positive excursion of the gate may occur during 
the triggered state of certain triacs. 

C; and L are FF filter circuits. 


SS 


VALUE UNITS 
+20 Volt 
VSS + .5 Volt 
0 to + 80 °C 
-65 to +150 °C 
CONDITIONS/ 
MAX UNIT REMARKS 
+18 Volts 
Ves-6 Volts @ Vsg = +15V, 
Vss Volts output off 
Vss-9.5 Volts 
Vss Volts 
Vss-8 Volts 
Ves Volts 
Vss-8 Volts 
Vss Volts 
700 pA Vinput=Vss 
=+15V 
15 nA Leakage current 
9 nA | 
rs) nA 
— Volts 
— Volts 
— mA @Vss=+15V 
Vo = Vss°3 
0.5 Volts 
Volts 


_ EXTN 
91008599 
MPS8599 


SENSOR 
PLATE 


2MQ/%4W 


22M0/%4W cain 


1 nF /500V 


1N4007 
150KQ/34W 


FIGURE 6 — ELECTRONIC EXTENSION 
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_ FIGURE 7 DOZE CIRCUIT 


In the case of momentary power failure, the circuit state remains 
unchanged for a period of up to 1 sec. For longer power interrup- 
tions, the output is shut off. 


EXTENSIONS: (Fig. 6). 

All switching and dimming functions can also be implemented by 
utilizing the slave input. This can be done by either a mechanical 
switch or the electronic switch in conjunction with a sensing plate 
as shown in Fig. 6. When the plate is touched, a logical high level 
is generated at the EXTENSION terminal for both half cycles of 
the line frequency. 


The information included herein is believed to be accurate and reliable. 
However, LS! Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor for any infringements of patent rights of others which 


may result from its use. 


SYSTEMS INC. 


DOZE CIRCUIT: (Fig. 7). 

The Doze circuit shown in Fig. 7 generates a slow clock (0.04Hz) 
at the DZ terminal. If the sensor plate (Fig. 5) is not touched, the 
SENS terminal of the Doze circuit of Fig. 7 sits at a logical high 
level. A momentary pressing of the Doze switch sets the SR flip- 
flop, enabling the oscillator. Every negative transition of the clock 
(DZ terminal) causes the light intensity to be reduced by equal in- 
crements, until eventually the light is shut off. The oscillator has 
no further effect on the dimmer circuit. When the light/motor is 
turned on again by touching the sensor plate, the SR flip-flop is 
reset and the DZ clock is turned off. 


When the Doze circuit is used, the connection between Doze input 
(Pin 10) and V., (Pin 14) as shown in Fig. 5, should be removed. 
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LS7240 6 DECADE, 


EATURES: 

‘Direct Interface with CMOS CD4510 Presettable Up/Down 
Counter 

: Direct Interface with LS7040 Dual 3 Decade Counter 
Multiplexed BCD/HEX Data 1/0 

DC to 60KHz Scan Frequency at 5V 

| Cascadable 

'7 Levels of 24 Bit Comparators 

| Thumbwheel Switch Interface for 7 Level Storage Data 
CMOS Type Noise Immunity 

| Single Power Supply Operation +4.75 to +15 Volts 

’ CMOS Compatibility 


» Power-On- Reset 
) All Inputs Protected 


» High Input Impedance 
» Low Power Dissipation 


| 


‘ESCRIPTION: 

he LS$7240 is a monolithic, ion implanted MOS 7-Level 
digit (BCD or HEX) memory/comparator. It includes seven 
‘decade comparators and memory, a comparator output, 
4 bit data 1/0 Bus, 7 synchronizing strobes for thumb- 
heel and display drive and 24 parallel data input lines. Data 
ritten in each of the 7 levels of memory is compared with 
1e data placed in the 24 bit parallel inputs and the result is 
idicated by the Multiplexed comparator output. The 4 bit 
O serves as either the inputs for writing into any of the 7 
lemories or Outputs for displaying either the 24 bit parallel 
ata or any one of the memories. 


)ESCRIPTION OF OPERATION: 

CAN OSCILLATOR AND DIGIT SELECT STROBES: 

he SELECT STROBE GENERATOR is driven by an 
iternal oscillator whose frequency is determined by an ex- 
srnal RC network (as shown in Fig. 4). Table | indicates 
wveral frequencies and their associated resistor-capacitor 
etworks. 

‘fhe SELECT STROBES scan from DS1 to DS7. DS7 selects 
ne particular comparator memory to be selected and DS1 


nrough DS6 selects the LSD to MSD digit to be loaded. 


faximum scan frequency is G0KHz at 5V, 40KHz at 10V and 
OKHz at 15V. All 1/0 timings are synchronized by the DS 
trobes as explained in each I/O section. 


'ARALLEL INPUT DATA AND COMPARATOR OUTPUT: 


(CD data applied from the counter to the 24 bit parallel 
nputs is compared with the 7-level memory. All 24 bits of 
ach memory are compared in parallel and 7 internal com- 
larisons are performed. These comparisons result in a logical 
‘1’ if the memory level and input data are equal or a logical 
'0” if not equal. The internal comparisons are multiplexed 
vith the strobe outputs, i.e. MEMORY 1 is muxed with DS1, 
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LS7240 CONNECTION DIAGRAM: 
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FIGURE 1 


MEMORY 2 is muxed with DS2, etc. (See Figure 4). A single 
output comparator line is demuxed externally. The positive 
edges of the DIGIT STROBES are used to strobe the compar- 
ator output line into their respective latches as shown in 
figures 2 and 5. The positive edge of DS1 is used to demux 
comparator 1 from the common comparator output, pos- 
itive edge of DS2 demuxes comparator 2 etc. 

The data provided by the counter is BCD data. However, 
HEX data, binary data or any other format of data may also 
be used as inputs. All that would be required is that the 
internal memory is correspondingly loaded. 


DATA I/O AND LOAD COMMAND 


The 4 bit data 1/0 acts as inputs when the DS strobes are 
active (high) and as outputs in between strobes. The in 
between strobe time is typically 5 us. In the input mode, 
the data applied selects the memory to be addressed as well 
as the 6 digit number to be loaded. Figure 5 indicates how 
a set of 7 thumbwheel switches is used to load the memory. 
The LS7240 has internal pull down resistors on its I/O lines. 
Data applied during DS7 serves as the memory address, 
while data applied during the succeeding DS1 through DS6 
loads LSD through MSD respectively into the selected 
memory. Data is loaded into the memory at the trailing edges 
of the DS strobes. In between strobes, when the I/O bus is in 
the output mode, the selected 6 digit memory is multiplexed 
out. The MSD is applied to the output during the DS1 and 
DS2 inter-strobe delay. The LSD+4 output occurs between 
DS2 and DS3, LSD+3 between DS3 and DS4, LSD+2 between 
DS4 and DS5, LSD+1 between DS5 and DS6, and LSD 
between DS6 and DS7. 

The load command output can be used as a strobe for storing 
the output data into external latches for display or control 
functions. 

A number of LOAD/DISPLAY combinations for data 1/0 is 
possible as explained in Table II. The data in this truth table 
refers to the input data applied to the 1/0 bus during active 
DS7. 


The display is shown in figure 5. The LOAD COMMAND is 
used to load the BCD DATA into a CD4511 or equivalent. 
The DIGIT SELECT STROBES are used to enable the LED's 
as shown. DS2 is used to display the MSD, DS3 displays 
LSD+4, DS4 displays LSD+3, DS5 displays LSD+2, DS6 
displays LSD+1 and DS7 displays LSD. 

The LS7240. is equipped with an ANTI-BOUNCE feature. 
Input data must be stable at the input to the 1/0 bus for a 
minimum of 700 scan cycles before it can be loaded into the 
memory. Typical Anti-Bounce times as a function of scan fre- 
quency is indicated in Table Il. Similarly, removal of data 
must be stable for 700 clock cycles before it is recognized as 
a complete removal. 


POWER-ON- RESET: 


An internal POWER-ON-RESET is provided to reset all mem- 
ories to ‘0’ and sets DS7 (Pin 30) to logic “1° upon 
application of power. 


POWER SUPPLIES: 
The circuit will operate over the range of +4.75 to +15 volts. 


TABLE | 
Voltage Resistor Capacitor Typical Frequency 
220KQ 50pf 60K Hz 
5V 680KQ 50pf 30K Hz 
1.5MQ 50pf 15K Hz 
470KQ 50pf 40K Hz 
10V 1MQ 5O0pf 20K Hz 
2MQ 50pf 10K Hz 
IMQ 50pf 20KHz 
15V 2MQ 50pf 10K Hz 
4.7MQ 50pf 5KHz 
TABLE II 
Truth Table for Load/Display Combination 


0 1 Display Memory 1 
1 0 Display Memory 2 
1 1 Display Memory 3 
0 0 Display Memory 4 
0 1 Display Memory 5 
1 0 Display Memory 6 
1 1 Display Memory 7 


0 1 Load & Display Memory 1 
1 0 Load & Display Memory 2 
1 1 Load & Dispaly Memory 3 
0 0 Load & Display Memory 4 
0 1 Load & Display Memory 5 
1 0 Load & Display Memory 6 
1 1 Loag & Display Memory 7 


Displays 24 Bit Input Data 


Resets All Memories and 
Displays Memory 1. 


TABLE III 

Scan Frequency Anti-Bounce 
(KHz) (milliseconds) 
60 12 
40 17.5 
20 35 


TECHNICAL DATA: 


INPUTS/OUTPUTS — All inputs and outputs are CMOS com- 
patible over entire range of power supply voltage limits. 
LOGIC — Positive True. 

PACKAGE — 40 Pin Dual-!n-Line plastic. 


The information included herein is believed to be accurate and reliable. 
However, LS! Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 
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BLOCK DIAGRAM OF PROGRAMMABLE COUNTER CONTROLLER 
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SYSTEM INTERCONNECTION USING PRESETTABLE UP/DOWN COUNTERS 
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The thumbwheel assembly is used to load the LS7240 as well as the synchronous six decade up/down counter. To preset the CD4510’s, the inputs 
to the thumbwheels A.through F are connected to the positive supply and the BCD outputs are applied to their respective CD4510 inputs. External 
1 Meg resistors are used at the thumbwheel outputs. The Load Command is used to reset and then preset the counter to the number selected. 
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oltages referenced to Vpp) 


SINK CURRENT, Io. Vss Min. Typ. Max. — Units 
symbol Value Units 5BVde --——*72«0 10.0 ie pA 
Vss +4.75 to +15 Vde ~ Vot=Vppt.4V 10Vdc 5.0 7.0 — 
Ta —25 to +70 Oc 15Vdc 3.0 5.0 _ 
Ts, Tg —65 to +150 OC 
— . QUIESCENT SUPPLY CURRENT 
| Circuitry to prevent damage due to high static Se 
ised to prevent unnecessary application of Voltage (All Inputs Pins Tied to Vss) (All Output Pins Left Open) 
Symbol Vss Max. Units 
| lop 5V 12.0 mA 
iV, —259C< Tp <+70°C unless otherwise specified). 15V 18.0 
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INPUT VOLTAGE SPECIFICATIONS: (All Inputs Except Scan) 


Parameter Symbol Vss Min. Max. Units 
a ite Input Voltage ViL 5Vde =O 1.5 Vde 
=e “O"' Level 10Vde 0 3.0 
mA 15Vde 0 4.5 
Input Voltage Vin 5Vde —_ 32.5 Vss Vdc 
“1” Level 10Vde §= 7.0 Vss 
me 15Vde 10.5 Veg 


DYNAMIC ELECTRICAL CHARACTERISTICS: 


mA (Vpp=0, Vgg= +4.75 to +15V, —25°C< Ta <+70°C unless otherwise specified). 
Parameter Symbol Min. Max. Units 
Scan Input Frequency 
Vss=5V fsc = 60.0 KHz 
aA Vsg=10V fsc - 40.0 KHz 
Vsg=15V fsc — 20.0 KHz 
Inter-strobe delay tisp T 1.5 12.0 [Ls 
Load Command Set-Up Time tics Tt 0.2 2.5 bs 
Comparator Output | 
Set-Up Time tcs T 1.5 10.0 BS 
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* 4 Comparisons are shown. In normal operation, usually only 1 comparison will occur at a time. 
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INTERCONNECT DIAGRAM OF TYPICAL COUNTER CONTROLLER 
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INPUT 
The System Interconnection of an LS7240 with an LS7040 and support circuitry is as shown. Thumbwheel 7 selects the memory. Thumbwheel 
_ 6 through 1 selects MSD through LSD. If the ‘Load and Display/Display Only” toggle switch is in the Load and Display position, the data is loaded in- 
to the LS7240, and displayed on the LED display when the “COMMAND MOMENTARY’" is depressed. The BCD output data of the LS7240 is convert- 
ed to 7 segment data by the CD4511. As long as the Momentary is held down, the display presents the data just loaded. If the Momentary is released, 
the display presents the BCD input data from the LS7040. If memory 0 is selected and the toggle switch is in the LOAD AND DISPLAY position, all 
memories are reset when the momentary is depressed. If the toggle switch is in the “Display Only” position then depressing the momentary will enable 
the 7 segment display to present what was previously loaded into the memory. 
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FEATURES: 
°o Highly accurate speed regulation (+.1% derived 
from XTL controlled time base. ) 
Rapid acceleration to speed with little overshoot 
Positive braking 
10V to 28V supply range 
Low speed detection output 
Over current logic. 
Power on reset 
Six outputs drive power switching bridge directly 
© 18 pin dual-in-line package | 
DESCRIPTION: 
The LS7263 is a monolithic, ion implanted MOS circuit 
designed to control the speed of a 3-phase, brushless, 
D.C. motor. This specific circuit is programmed for use 
‘in 3600 RPM applications. The circuit utilizes a 3.58 
MHz crystal to provide its accurate speed regulation time 
base. Overcurrent circuitry is provided to protect the 
windings, associated drivers and power supply. A 
positive braking feature is provided to effect rapid 
deceleration. 
Speed corrections are made by measuring the time bet- 
ween tachometer inputs and varying the on time of the 
drive signal applied to each winding. A sampling window 
is generated using tachometer input time intervals during 
which crystal derived clock pulses are accumulated. The 
contents of the accumulator provide the address of a look 
up table that has been derived from the physical 
characteristics of the motor and the load. The look up 
table output determines the amount of on time for each 
coil. Positive and negative signals are applied sequen- 
tially to each winding driver through the output decoder/ 
driver section. 
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overcurrent condition. 


INPUT/OUTPUT DESCRIPTION: 
LS DETECT OUTPUT (PIN 1). 


This output provides a D.C. level which is high for speeds 
less than 1100 RPM. It may be used to determine activa- 


tion of a Winchester drive head. 
BRAKE INPUT (PIN 2). 


The brake input is provided with a pull-up resistor. 


A Static type positive braking system shorts all winding 
together upon receipt of the brake input. This system 
creates an electrical load on the motor thus causing rapid 
deceleration. An overcurrent condition, when sensed at 
the overcurrent detection input, disables all six winding 
‘outputs. Outputs will be reenabled upon removal of the 


A high level applied to this input turns off outputs 04-03 
and turns on outputs 04-0, shorting the windings to- 
gether. The brake input has priority over all other inputs. 


TWX: (510) 226-7833 
Telephone: (516) 271-0400 


Manufacturers of Custom and Standard LSI Circuits 
1235 Walt Whitman Road, Melville, NY 11747 


FAX: 516 271 0405 
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~ BRUSHLESS DC MOTOR SPEED CONTROLLER 
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INPUT/OUTPUT DESCRIPTION: (continued) 

OUTPUTS 0g, 05, 04 (PINS 3-5). 

These outputs provide the base current (through external limiting 
resistors) to NPN drivers of the motor coils. They are enabled in 
the sequence described in Table 1 and for a duration as de- 
termined by the internal speed regulation data. 


OUTPUTS 03, 05, 0; (PINS 6-8). 

The outputs provide the base current to the PNP drivers of the 
motor coils. They are enabled per Table 1 and the internal speed 
regulation data. 


DESCRIPTION OF OUTPUT SIGNALS: (See Figures 2C, 3C) 

An output pair turn on at a change of commutator input state and 
remain on for a period of time determined by the rotational speed 
measured within the latest sampling window. The output pulse 
can be zero if speed is too high. If other than zero, the output 
width follows the formula Opw=(192 + n x 384 clock periods) 
x 4 + number of poles, where n varies from zero to 14. If the 
look up table indicates n is greater than 14, the pair remain on 
until the next commutation change. 


VSS (PIN 9). 

Supply voltage positive terminal, (+10 to +28 Vdc.) 

A, B, C INPUTS (PINS 10-12). 

These inputs have pull up resistors and provide control of the 
output commutation sequence as per Table 1. A, B, C orginate at 
the position sensors of the motor (see fig. 2) and must sequence 
in cyclic order (only one input changes at any time). Figure C 
illustrates a method for controlling the motor direction of rota- 
tion. Figure D indicates how one external invertor may be used to 
use a 120° circuit type in a 60° sensor separation application (or 
60° to 120°). 

OSC IN (PIN 13), OSC OUT (PIN 14) 

Pin 13 provides one of the two ports necessary for connecting a 
crystal. It may also be used to drive the circuit from an external 
clock. Pin 14 is used as the second connection when using a 
crystal for oscillation. Limited variable speed operation can be 
obtained by using the oscillator depicted in Figure A whose 
nominal frequency is 3.58 MHz. 


FREQUENCY TEST POINT (PIN 15). 

This test output provides the user with a point to measure the 
oscillator frequency without loading the oscillator. It provides a 
Signal which is one sixth of the oscillator frequency. 


MAXIMUM RATINGS: 
PARAMETER SYMBOL VALUE 
Storage Temperature Tstq —65 to +150 
Operating Temperature 
1. Plastic Tap —25 to +70 
2. Ceramic Tac —55 to +125 
Voltage (any pin to Vss) Vmax —30 to+ 0.5 
DC ELECTRICAL CHARACTERISTICS: (+10 to +28 VDC) 
SUPPLY CURRENT SYMBOL MIN. 
(Excluding Outputs) lbp | — 
INPUT SPECIFICATIONS: | 
Brake, commuting and tachometer (Pins 2, 10, 11, 12, 18) 
INPUT VOLTAGE MIN. MAX. 
Logic 1" Vss - 2.5 Vss 
Logic ‘‘0"’ 0 Vss - 5 
INPUT CURRENT 


VDD (PIN 16). 
Supply voltage negative terminal (ground). 


OVERCURRENT DETECT (PIN 17). | 
The Overcurrent Detection Input provides the user a way of 
protecting the motor windings, drivers and power supply from an 
overload condition. The user provides a fractional ohm resistor 
between the positive supply and the common emitters of the PNP 
drivers. This point is connected to a potentiometer (e.g. 100k 
ohm), the other end of which is connected to ground and the 
wiper connected to the overcurrent input. The wiper pickoff is 
adjusted so that the outputs 0-0¢ are off for currents greater than 
the limit. (Reference Fig. 5) An alternative overcurrent detection 
circuit is illustrated in Figure B. An overcurrent condition is 
sensed and latched causing the overcurrent input (pin 17) to 
become low. When the overcurrent condition terminates, the 
next positive edge of the chopping frequency will cause pin 17 to 
become high. This circuit limits the maximum output switching 
rate to the chopping frequency when an overcurrent condition is 
prevalent. 


An example of setting up the over current follows: 

A Determine the fractional ohm resistance and the maximum 
current to determine the voltage drop across the resistor 
and call this Voc. 

. Apply Vss-Voc to: the fractional ohmage end of the 
potentiometer. 

. Hold A, B and C in a known state (e.g. 000). This will 
enable a pair of outputs in accordance with Table 1. 

. Adjust the potentiometer until outputs 04-03 are all at Vs 
and 04-0g are at ground. 

. Remove the voltage from the potentiometer and connect 
the potentiometer to the transistor end of the fractional 
ohm resistor. 


TACHOMETER INPUT (PIN 18). 

The signal applied to the tachometer input originates at a motor 
position sensor (one of the commutation inputs may be used). 
Each negative edge of the tachometer input is synchronized by 
the one sixth oscillator frequency. The resulting signal 1) trans- 
fers new speed regulation data to the ‘‘on time’ data storage 
latches, 2) resets the clock pulse accumulator and 3) originates a 
new sampling window. The tachometer input is provided with a 
pull-up resistor. 
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MAX. UNITS 
22 mA 


UNITS 


VOLTS 
VOLTS 


Each of the five inputs provides an internal constant current source to Vss of 200 to 400ua 


(typically 300ua) 


OVERCURRENT DETECTION INPUT (PIN 17) 


INPUT VOLTAGE MIN. MAX. UNITS 
Logic "1" (Vsg+2)+.25 Vg VOLTS 
Logic '0" 0 (Vsg+2)—-.25 VOLTS 


Theroretical switching point for the Overcurrent Detection Input 
iS one half of the power supply. Manufacturing tolerances cause 
the switching point to vary plus or minus .25 volts. After man- 
ufacture, the switching point remains fixed with 10mv over time 
and temperature. The input switching sensitivity is a maximum of 
50mV. There is no hysteresis on the overcurrent detection input. 


OSCILLATOR INPUT (PIN 13). (When driven from external 
Source. ) 


| MIN. MAX. UNITS 
Logic “17 Vcc— 1 Vcc VOLTS 
Logic "0" 0 Vss-6 VOLTS 
OUTPUT SPECIFICATIONS 
596 KHz TEST (PIN 15) 
Designed for 10MaQ , 7pF scope probe. 
LS DETECT OUTPUT (PIN 1) 

MIN. MAX. UNITS CONDITIONS 
Icgurce 1.0 mA Output short circuit to Vpp 
IsinK 10.0 Ud Output at .5V 


0,-0, (PINS 3-8) 
01-03 are current sinks 
04-Og are current sources 


Outputs turn on in pairs (See figs. 2C, 3C and 4). For example 
(see dotted line, fig. 4): 

Q8 and Q4 are on, thus enabling a path from the positive supply 
through the fractional ohm resistor, emitter-base junction of 
Q101, Q8, Q4, R5 and the base emitter junction of Q105 to 
ground. The current in the above described pattern is determined 
by the power supply voltage, the value of R1, the voltage drops 
across the base-emitter, junction of Q101 and Q105 (1.4 volts for 
Single transistor or 2.8V for Darlington pairs), the impedance of 
Q8 and Q4 and the value of R5. 


OUTPUT CURRENT 
(DRIVING DARLINGTON PAIRS) 


*Causes excessive power dissipation. 


RESISTANCE IN KILOHMS 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


TABLE 1A —01, 


INPUTS OUTPUTS DRIVER DRIVER’ DRIVER 
A B CC ENABLED A* B* C* 
0 0 Q 01, 05 + ~ OFF 
1 0 0 03, 05 OFF — + 
1 1 «0 03, 04 — OFF + 
1 1°14 Oo, 04 = + OFF 
0 71 1 02, 06 OFF + — 
0 0 1 01, 06 + OFF — 
TABLE 1B —02, —03, —07 
INPUTS OUTPUTS DRIVER DRIVER ODRIVER 
A B C _ ENABLED A* B* C* 
0 0 1 Oo, O¢ OFF + — 
1 0 1 00, 04 — + OFF 
1 0 0 03, 04 _ OFF + 
1 1 £40 03, 05 OFF — + 
0 1 0 01, 05 + — OFF 
01 1 01, 06 + OFF — 


Push pull drivers are made up of pairs of Outputs: 0; and 0, 
(Driver A), 02 and 0s (Driver B), 03 and Og (Driver C). 


*See Fig. 4 


DESCRIPTION OF AVAILABLE TYPES 


SENSOR 
TYPE POLES SEPARATION GAIN* 
7263-01 4 60° Medium 
7263-02 8 120° High 
7263-03 4 120° Medium 
7263-07 8 120° Medium 


*Gain describes the change of output duty cycle as a function of 
change of motor speed for the high gain type, the duty cycle is 
caused to change from 0% to 100% over a6 RPM motor speed 
change. For the medium gain type, the duty cycle changes from 
0% to 100% when the motor speed changes by 40 RPM. 


The following chart provides the recommended value for R5. R4 and R6 are the same value. 
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LS7264 | FOUR PHASE BRUSHLESS DC MOTOR SPEED CONTROLLER 


FEATURES: 

e Highly accurate speed regulation (= .1%) derived 
from XTL controlled time base. 

@ Rapid acceleration to speed with little overshoot 

© Static braking 

@ 10V to 28V supply range 

® Low speed detection output 

e internal over current logic 

e Power on reset 

e Four outputs drive power switching transistors 
directly 

® 16 pin dual-in-line package 


DESCRIPTION: | 

The LS7264 is a monolithic, ion implanted MOS circuit 
designed to control the speed of a 4-phase, brushless, 
D.C. motor. This specific circuit is programmed for use 
in 3600 RPM applications. The circuit utilizes a 2.4576 
MHz crystal to provide its accurate speed regulation 
_ time base. Overcurrent circuitry is provided to protect 
__ the windings, associated drivers and power supply. A 
Static braking feature is provided to effect rapid 
deceleration. 


Speed corrections are made by measuring the time 
between tachometer inputs and varying the on time of 
the drive signal applied to each winding. A sampling 
window is generated during which crystal derived clock 
pulses are accumulated. The contents of the ac- 
cumulator provide the address of a look up table that 
has been derived from the physical characteristics of the 
motor andthe load. The look up table output determines 
the amount of on time for each coil. Positive signals are 
applied sequentially to each winding driver through the 
Output decoder/driver section. 


A static type braking system shorts all winding together 
upon receipt of the brake input. This system creates 
an electrical load on the motor thus causing rapid 


deceleration. An overcurrent condition, when sensed 


at the overcurrent detection input, disables all four 
winding outputs. Outputs will be reenabled upon re- 
moval of the overcurrent condition. 


INPUT/OUTPUT DESCRIPTION: 

LS DETECT OUTPUT (PIN 1). 

This output provides a D.C. level which is high for 
speeds less than 1000 RPM. 


BRAKE INPUT (PIN 2): 

A high level applied to this input turns on all outputs, 
shorting the windings together. The brake input has 
priority over all other inputs. This feature may only be 
used when the center tap is connected to the positive 
Supply through an external PNP transistor which. is 
controlled by the brake signal. The brake input is pro- 
vided with a pull-up resistor. 
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INPUT/QUTPUT DESCRIPTION: (continued) 

OUTPUTS 04, 02, 03, 04, (PINS 3-6) 

These open drain outputs provide the base current (through 
external limiting resistors) to the base inputs of NPN drivers of 
the motor coils. They are enabled in the sequence described in 
Table 1 and for a duration as determined by the internal speed 
regulation data. 


DESCRIPTION OF OUTPUT SIGNALS: (See Figures 1B) 

Each output turns on at a change of commutator input state and 

remains on for a period of time determined by the rotational 

Speed measured within the latest sampling window. The output 

pulse can be zero if speed is too high. If other than zero, the 

output width follows the formula Opw = (n x 384 x 4 = No. of 
poles) clock periods, where n varies from zero to 15. If the look up 
table indicates n is greater than 15, the pair remain on until the 

next commutation change. 


VSS (PIN 7). 
Supply voltage positive terminal, (+ 10 to +28 VDC). 


S1,S2 INPUTS (PINS 8, 9) 

These inputs provide control of the output commutation sequ- 
ence as per Table 1. $1, S2 originate at the position sensors of 
the motor (see fig. 2). S1 and S2 are provided with a pull-up 
resistor. 


FORWARD/REVERSE INPUT (PIN 10) _ 
This Pin is used to control the motor’s direction of rotation (see 
table |). 


OSC IN (PIN 11). 

This pin provides one of the two ports necessary for connecting a 
crystal. It may also be used to drive the circuit from an external 
clock. 


OSC OUT (PIN 12). 
This pin is used as the second connection when using a crystal for 
oscillation. 


FREQUENCY TEST POINT (PIN 13). 
This test output provides the user with a point to measure the 


oscillator frequency without loading the oscillator: It provides a 
Signal which is one sixth of the oscillator frequency. 


VDD (PIN 14). 
Supply voltage negative terminal (ground). 


OVER CURRENT DETECT (PIN 15). 

The Overcurrent Detection Input provides the user a way of 
protecting the motor windings, drivers and power supply from an 
overload condition. The user provides a fractional ohm resistor 
between the positive supply and the positive side of the motor 
windings. This point is connected to a potentiometer (e.g. 100k 
ohm), the other end of which is connected to ground and the 
wiper connected to the overcurrent input. The wiper pickoff is 
adjusted so that the outputs 0; — 0,4 are off for currents greater — 
than the limit. 


An example of setting up the over current follows: 


1. Determine the fractional ohm resistance and the maximum 
current to determine the voltage drops across the resistor 
and call this Voc. 

2. Apply Vss-Voc to the fractional ohmage end of the 

potentiometer. 

. Hold $1 and S2 in a known state (e.g.00). This will enable 

01-04 outputs in accordance with Table 1. 
. Adjust the potentiometer until outputs 04-04 are at ground. 
. Remove the voltage from the potentiometer and connect the 
potentiometer to the winding end of the fractional ohm 
resistor. | 


oF Ww 


TACHOMETER INPUT (PIN 16). 

The signal applied to the tachometer input originates at a motor 
position sensor (one of the commutation inputs may be used). 
Each negative edge of the tachometer input is synchronized by 
the one sixth oscillator frequency. The resulting signal 1) trans- 
fers new speed regulation data to the ‘‘on time’ data storage 
latches, 2) resets the clock pulse accumulator and 3) originates a 
new sampling window. The tachometer input is provided with a 
pull-up resistor. 


MAXIMUM RATINGS: 
PARAMETER SYMBOL VALUE UNITS 
Storage Temperature Tstg —65 to + 150 °C 
Operating Temperature 
1. Plastic Tap —25 to +70 °C 
2. Ceramic Tac —55 to +125 °C 
Voltage (any pin to Vss) Vmax —30 to +0.5 VOLTS 
DC ELECTRICAL CHARACTERISTICS: (+10 to +28 VDC) 
SUPPLY CURRENT SYMBOL MIN. MAX. UNITS 
(Excluding Outputs) 1pp — 22 mA 
INPUT SPECIFICATIONS: 
Brake, commuting and tachometer (Pins 2, 10, 11, 12, 18) 
INPUT VOLTAGE MIN. MAX. UNITS 
Logic ‘'1”’ Vss-2.5 Vss VOLTS 
Logic ‘‘0” 0 Vss-5 VOLTS 
INPUT CURRENT 


Each of the five inputs provides an internal constant current source to Vss of 200 to 400 ua 
(typically 300ua) 
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OVERCURRENT DETECTION INPUT (PIN 15) 


INPUT VOLTAGE MIN. MAX. UNITS 
Logic "1" (Vsg +2) +.25 Vsg VOLTS 
Logic "0" 0 (Vgg+2)—.25 VOLTS 


Theoretical switching point for the Overcurrent Detection Input is one half of the power supply. 
Manufacturing tolerances cause the switching point to vary plus or minus .25 volts. After 
manufacture, the switching point remains fixed within 10mv over time and temperature. The 
input switching sensitivity is a maximum of 50mV. There is no hysteresis on the overcurrent 
detection input. 


OSCILLATOR INPUT (PIN 11). (When driven from external source.) 


MIN. MAX. UNITS 
Logic 1" Vss-1 Vss VOLTS 
Logic 0" 0 Vss-6 VOLTS 
OUTPUT SPECIFICATIONS 
410 KHz TEST (PIN 13) 
Designed for 10MQ , 7pF scope probe. 
LS DETECT OUTPUT (PIN 1) 
MIN. MAX. UNITS CONDITIONS 
ISOURCE 1.0 mA Output short circuit to Vpp 
ISINK 10.0 ua Output at .5V 


01-04 (PINS 3-6) | 
04-04 are Current sources (Base current limiting resistors are required) 


TABLE 1 
OUTPUTS 
$2 ENABLED 
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FEATURES: 
e Hardware oriented simple instruction set 

4 on-chip 12 bit programmable down-counters 
4 priority interrupt (JAM) inputs 
12 discrete inputs 
12 latched outputs 
12 discrete memory bit registers 
Anti-bounce circuits on DI, CNT and JAM inputs 
for direct interface with mechanical switches, 
keyboards, etc. 
Simple serial interface to external program 
memory (PROM or ROM) 
External program memory up to 2048 instructions 
On-chip clock generator 
Inputs TTL, NMOS and CMOS compatible 
© Qutputs TTL, NMOS and CMOS compatible 
e Single power supply operation. +4.75 VDC 

to +12 VDC 
e 40 pin plastic DIP 
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GENERAL DESCRIPTION: 


' The LS7270 is amonolithic, ionimplanted MOS logic 
controller/sequencer, designed to satisfy a wide variety 
of timing, sequencing and controlling functions in small 
to medium sized systems requiring low cost electronic 
control hardware. A ‘‘basic controller/sequencer’’ type 
machine can be thought of as a simple ‘‘black box’’ with 
inputs, outputs and various chip support functions such 
as power supply, oscillator, etc. As in any sequential 
logic machine, the present state of the machine is 
logically combined with the present state of the inputs to 
produce a new machine state with its corresponding 
Outputs. Hence, as inputs change, the machine reacts 
generating new outputs depending on its previous state 
and the new inputs. 


In a traditional hardwired logic machine, the sequence 
of the machine for all possible combinations of inputs is 
determined by the design of various random logic units 
all permanently wired so that the results is not very 
_ flexible or amenable to change. The solution to this 
problem as implemented in the LS7270, is to utilize 
' some form of computer or microprocessor type ar- 
_ chitecture that executes a series of instructions (the 
program steps) held in a memory (external to the chip) 
to perform the intended logical combinations of the 
inputs with the current machine state. In contrast to 
computers or microprocessors, however, the internal 
architecture of the LS7270 is geared to individual bit 
processing, Boolean processing, turn-on and turn-off 
functions, counting and timing operations as opposed 
to numeric computations. Broadly speaking, (see Fig. 1 
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TOP VIEW 


and Description of General Architecture) the LS7270 has discrete 
inputs (DI) that can be addressed and operated upon at the 
individual bit level, internal flags (T) and storage cells (M) also 
addressed and operated upon at the bit level, addressable internal 
counters that can be clocked by external sources and a group 
of individually addressable output register (LO). Boolean proces- 
sing is done by selecting and multiplexing various inputs into the 
Logic Unit (LU) along with the working Accumulator Flag (AF), thus 
performing sequentially the required Boolean expression and then 
outputting the result to the appropriate output. This is done under 
control of a sequence of instructions (a table of logical ‘‘O’’s and 
‘*1’’s) fetched from the external program memory. 


In operation, the LS7270 serially shifts out a memory address 
when the chip is in the ‘‘shift cycle.”’ An external shift register has 
to be provided in which the address can be shifted and set up for 
addressing the memory (see fig. 2). During the shift cycle, clocks 
are generated at the shift clock output which are in synchronism 
with the address bit changes at the address output. At the end of 
the shift cycle, instruction from the memory is loaded into the 
interface shift register. A new shift cycle begins, and the instruc- 
tion from the Interface Shift Register is now shifted into the 
LS$7270; simultaneously a new instruction address is shifted out 
into the interface shift register. The LS7270 continuously 
alternates between the ‘‘shift’’ and the “‘load’’ cycles executing the 
instruction in between whenever a complete instruction has been 
fetched. The address is automatically incremented by 1 in every 
shift cycle so that instructions from higher locations of a memory 
can be fetched sequentially. This general rule of address sequenc- 
ing is broken only when an instruction involving an address jump is 
executed. When an instruction is executed one of the following 
events may take place (see the instruction set for details): 


1. Load 1 of 4 counters with a 12 bit number specified in the 
instruction field, 


2. Decrement one of the counters, 
3. Set or reset one of the internal registers, 


4. Load the AF with the true or complement value of one of 
the internal. registers or discrete inputs, 


5. Combine AF with the true or complement value of any of the 
internal registers or discrete inputs in Boolean operation, 


6. Store the true or complement value of the AF in any of the 
internal registers or output latches, and finally, 


7. Branch out from normal addressing sequence and jump to 
an address specified in the instruction field. 


GENERAL ARCHITECTURE OF LS7270 (See Fig. 1) 


Program Counter (PC and PCB). The PC is a 12 bit register that 
holds the address for the next instruction. The external memory 
address Is serially shifted out from the PC to the memory. The 
PCB is a back-up register for the PC used internally by the LS7270 
chip. : 

Instruction Register (IR). The IR is a 16 bit register that holds the 
instruction currently being executed. Instructions from the exter- 
nal memory are serially shifted into the IR. 


STACK 0-2. The LS7270 has a 3 level Last In-First Out (LIFO) 
stack. The next instruction address from the PCB is pushed onto 
the stack when.a Jump to Subroutine (JS) instruction or a JAM 1 
interrupt is executed. The address is returned to the PCB when a 
Return from Subroutine instruction is executed. 


JAM Request Registers (JRR 1-4). The JRRs are 4 one-bit 
registers that are set by the corresponding JAM inputs. The 
Outputs of the JRRs cause a Jump within the program sequence. 


Each JRR has a dedicated address assigned to it as its jump 
destination. 


Counters (CNTR 1-4). The LS7270 has four 12 bit programmable 
down-counters. The counters can be clocked by either external 
count inputs or the internal clock under program control. Outputs 
from each counter are decoded for zero and testable under 
program control. 


Logic Unit and the Accumulator Flag (LU and AF). The LU per- © 
forms all the Boolean algebraic operations contained in the 


LS7270 instruction set and stores the result in the AF. 
Temporary Flags (T1-3). The T’s are three one-bit registers each 
of which can be accessed by the TEMP field of the LOGICAL 
CONTROL group instructions. 

Memory rags ee, The M’s are 12 one-bit registers. The 
Output of the can be stored in any of these registers by 
program control. The outputs of the M’s in turn can be logically 
combined with other inputs to the LU. 


Latched Output Registers (LO 1-12). The LO’s are 12 one-bit 
registers each of which can be loaded by the LU data. The LO 


Outputs are available on the output pins. 


Multiplexer (MUX). The MUX performs all the steering operations 
of the T’s, M’s, AF and the Discrete inputs to LU. 


DESCRIPTION OF OPERATION: (see figs. 4, 5 and 6) 


The LS7270 address consists of 12 bits, and the instruction of 16 
bits. In normal operation an instruction cycle consists of 2 
shift/load cycles involving 26 shift clocks. 


After a reset, the Program Counter (PC) is cleared to address the 
first memory location (address 0). When the reset is removed, 
the 12 bit memory address of the first location is serially sent out. 
During this time, the shift/load output remains low to hold the 
memory interface shift register in the shift mode. At the end of the 
shift cycle consisting of 12 shift clocks, the shift/load output goes 
high placing the interface shift register in the load mode and the 


first instruction byte (lower byte) from the external memory | 


matrix is loaded into the interface shift register on the thirteenth 
clock pulse. During every shift/load cycle the PC is incremented 
by 1 to address the next higher memory location. Then a shift 
cycle begins again. During this shift cycle while the address for 
the second byte (higher byte) of the instruction is shifted out to 
the interface shift register, the lower byte of the instruction, 
already in the interface shift register, is shifted into the Instruc- 
tion Register (IR). Note that the internal shift clock for the IR 
occurs coincident with the first eight shift clocks only since one 
instruction byte consists of eight bits; there are no shift clocks for 
the IR corresponding to the remaining five clocks of the total 
shift/load cycle. At the end of the second shift cycle, the second 
instruction byte (upper byte) is loaded into the interface register. 
During the third shift cycle, the upper byte is shifted into the IR 
and, at the end of the cycle, the instruction is executed. It is 
important to note that if a smaller external memory is used which 
does not require all 12 bit addressing capability (4096 bytes or 
2048 instructions), the interface register can be implemented 
with fewer bits and the higher order address bits will simply ‘‘fall 
off’ the interface register during the shifting cycle. Thus if only 
256 bytes of memory is required, the interface register could be 
implemented with one octal shift register. 


The four programmable down-counters can be driven by either 
external clocks applied at the counter inputs or decremented 
under program control. The counters are programmable by in- 
struction control only. During the execution of an instruction for 
loading or decrementing a counter, the external count input is 
blocked for a period of 2 shift clocks. The external count input is 
synchronized with the internal clock so that counter integrity is 
not lost during the blocking period. The blocking period for any 
count input lasts between trailing edges of 8th and 10th shift 
clocks of a high byte fetch cycle containing a load or decrement 
instruction for the corresponding counter. 
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A counter zero condition can be tested by program control to 
create decision branching within the program sequence. 


The 12 discrete inputs (DI) can be combined with the accumu- 
lator flag (AF) to perform Boolean operations and the result 
Steered to 12 single bit memory flags (M) or 12 output latches 
(LO), or 3 temporary storage flags (T). 


I/O DESCRIPTION: 


MCLR INPUT: 

A high on this input initializes all the registers and holds the clock 
off. It clears the PC, the JAM request register (JRR), the output 
latches (LO), the temporary storage flags (T), and the memory 
flags (M). It presets the down-counters to all 1’°s. The MCLR 
input has an internal pull-down (to logic ‘‘0’’) resistor. 


OSC INPUT: 


oscillator. The basic oscillator frequency as indicated by the ramp 
frequency developed on the OSC input is divided down by 4 for 
generating the internal system clock. The basic oscillator fre- 
quency is approximately given by the relation, f = 1/RC. 

INST INPUT: 
Instructions from external memory are serially shifted into the IR 
on this input with the LSB being input first. The INST input has an 
internal pull-down (to logic ‘‘0’’) resistor. 

JAM INPUTS: 
The JAM inputs are four vectored priority interrupts with JAM 1 
having the highest priority and JAM 4 the lowest. A low to high 
transition of a JAM input forces a specific address into the PC at 
the end of the currently executing instruction. The four specific 
addresses allocated for JAM 1 through JAM 4 are 2, 4, 6, and 8, 
respectively. JAM 1 is different from the other JAMS in that it 
saves the address of the next instruction on the push down stack 
' $0 that by including a RETURN instruction at the end of the JAM 
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service routine, the original program sequence can be resumed. 
JAM request registers are set by a positive transition of the JAM 
inputs and are reset after the JAM has been serviced. If the JAM 
input remains high, it will not be serviced a second time. But a 
high level on a JAM input will inhibit all the lower priority JAM 
inputs. If a lower priority JAM is activated while a higher priority 
JAM request is being serviced (with the higher priority JAM input 
already returned low), the lower priority JAM request will be 
Serviced at the end of the current instruction cycle. All JAM inputs 
have internal anti-bounce-circuits for direct interface with 
Switches, relays, etc. 


COUNTER INPUTS (CNT): 


Each of the four counter inputs clocks one of the four 12 bit down 
counters. The counter advances on the positive transition of the 
counter input. All counter inputs have internal anti-bounce 
circuits. 


DISCRETE INPUTS (DI): 


Each of the 12 discrete inputs can be read by the program as part 
of Boolean logical expression evaluation. All discrete inputs have 
internal anti-bounce circuits. 


SHIFT CLOCK OUTPUT: 

This output is used for clocking the memory interface shift 
registers. The negative edge of the clock output should be used to 
clock the shift register. 


SHIFT/LOAD OUTPUT: 

This output is used for shift/load control of the memory interface 
shift register. Each shift/load cycle encompasses 13 shift clocks. 
When the shift/load output is “‘low,’’ 12 output clocks serially 
shift out a 12 bit memory address, while the instruction byte from 
the preceding address is simultaneously shifted into the IR. At the 
end of the 12 shift clocks, the shift/load output goes “‘high’’ for 
one clock period. During this period, the next instruction byte is 
loaded into the shift register and a new shift cycle begins. 


3. 


MEMORY INTERFACE 


Vpp MEMORY 


Address tn Data Out 


DI, JAM, CNT 
a eee, 


QD QC QBQA 


QD QCQBQA DC BA 

Ser, In 

Mode 
Cik 


74LS295 


FIGURE 2. Input Anti-Bounce Circuit 
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Note 1: External Count to a counter is inhibited during the execution of a load or decrement instruction operating on that counter. 


Note 2: Following the execution of a J, JS, RET, SKIP and JAM, three address cycles will be generated instead of regular two, before 


the next instruction is executed. 
FIGURE 5. Instruction Cycles 
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FIGURE.6. Timing Definitions 
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ADDRESS OUTPUT: 

The twelve bit memory addresses are serially shifted out on this 
Output line with the MSB being output first. Address bits change 
with the rising edge of the shift clock. 


LATCHED OUTPUTS (LO): 


The twelve latched outputs are driven from 12 flip-flops within the 
chip. The state of each of these flip-flops is directly under pro- 
gram control so that they can be manipulated according to the 
required application. 


INSTRUCTION SET: 

There are two Classes of instructions in the LS7270 Controller/ 
Sequencer. The first is the internal control group and the second 
is the logical operation group. Each is 16 bit in length. 


INTERNAL CONTROL GROUP: 
0 OPER CONSTANT OR ADDRESS (N) 
(1-bit) (3-bits) (12-bits) 
15 0 


Operation Code MNEMONIC OPERATION 


000 | NOP No operation 
001 LC1 CNTR14N 
DC1* (Load counter 1 with constant N) 
010 LC2 CNTR2 4N 
DC2* (Load counter 2 with N) 
011 LC3 CNTR @N 
| DC3* (Load counter 3 with N) 
100 LC4 CNTR4 4N 
DC4* (Load counter 4 with N) 
101 J/RT If N + FFF (HEX), PC ON 
(Jump to address N): 
If N = FFF, PC @Stacky 
Stacky 1 4 Stack, » 


(Return from subroutine) 


Stack, 5 @Stacky , 

Stacky 4@PC, PC 4N 

(Jump to subroutine address N 
and save the return instruction 
address on the stack) 


*|f N=0, a load counter instruction is decoded as a decrement 
counter instruction thereby creating the DC1, DC2, DC3, DC4 
instructions. 


110 JS 


LOGICAL CONTROL GROUP: 


ay OPER ae a a 
(1) | (3) | ) (2) (4) 


0 


The information included herein is believed to be accurate and reliable. 
However, LSI Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor any infringements of patent rights of others which 
may result from its use. 


Input Mode 

OPER FIELD MNEMONIC OPERATION 

000 LD/LDC AF @ (N)/AF ¢ (N) 
Load AF with the true/ 
complement of the value of 
register addressed by N. _ 

001 AND/ANDC AF @AFA(N)/AF @ AFA (N) 
AND AF with true/comple- 
ment value of register 
addressed by N. 

010 OR/ORC AF @ AF V (N)/AF @AF V(N) 
OR AF with true/complement 
value of register addressed by N. 

~6011 XOR/XORC AF 4AFG)(N)/AF @ AF @(N) 

XOR AF with true/ 
complement value of register 
address by N. 

Output Mode 

OPER FIELD MNEMONIC OPERATION 

110 STR/STRC —(N) 4AF/(N) @ AF 


Store true/complement value 

of AF into register addressed by N. 
111 SET/CLR lf T/C=0 then (N) ¢ 1; 

lf T/C=1 then (N) ¢0. 

Set or clear the register - 

addressed by N. 


T/C Field, True/Complement 
0 — Select the true value of the addressed register. 


1 — Select the complimented value of the addressed register. 


ADDRESS, N FIELD — Input Mode Addressing Assignments 
00000 to 01011 —Specify DI, to Dl. , respectively. 


01100 to 01111 —-Specify CNTR1 equal to zero flag through 

CNTR4 equal to zero flag,respectively.(see note 1) 
10000 to 11011 -Specify M1 through M12 , respectively. 
11100 to 11110 -Specify T1 through T3 , respectively. 


ADDRESS, N Field — Output Mode Addressing Assignments 
00000 to 01011 -Specifies LO1 through LO12 , respectively. 


10000 to 11011 —-Specifies M1 through M12 | respectively. 


TEMP Field — Temporary Storage 
00 — Do not store the output of the Logic Unit (LU) 


01-—Store LU inT1 
10 — Store LU in T2 
11 -— Store LU in T3 


oKIP/DISP Field — Skip/Displacement Field 
0000 — Continue to next instruction. 


NgNoNyNg —If the output of the LU is zero, then use ngnon,Npg as 
2’s complement displacemnt to be added to the 
PC for forward and backward branching. 
AgNoNyNy = —/ to +7. 
Note 1: A counter zero flag is set to ‘‘1’’ when the corresponding 
counter is reset to ‘‘0’’. 


MAXIMUM RATINGS: 


Parameter symbol Value Unit 
Storage Temperature Tstg  —99to +150 °C 
Operating Temperature i 0 to 70 °C 


Voltage (any pinto Vcc) | Vina, +15to —0.3 V 


DC Electrical Characteristics 


(Vsg = 0, Ty = 0°C to + 70°C, unless otherwise specified) 


All Inputs 


Parameter Vpp  Symbo! 
Supply Voltage - Vop 
Supply Current IDD 
Input High Vitg +5V Vin 
+9V 
+12V 
Input Low Vitg +SV VIL 
+9V 
+12V 
Output High Vitg VOH 
Output Low VItg +5V VOL 
+9V 
+12V 
Output Source +5V —Isource 
Current 
+9V 
+12V 
Output Sink +5V —Ieink 
Current 
+9V 
+12V 
Input High Current lINH 
INST IN and MCLR 
All other Inputs 
Input Low Current TNE 


Min 
+4.75 


+3.0 
+37 
+47 


DYNAMIC ELECTRICAL CHARACTERISTICS 
(Vop = +4.75 to +12V, Ta = 0 to +70°C, unless otherwise specified: 


see Fig. 6) 

Parameter Symbol Min. 
Osc. Frequency fose(=1/T1) = - 
Reset Pulse width Twp 2.9 
Reset to Shift Ts 1.0 
Clock Delay 


Shift Clock Period Tc(=4T1) 
Load Front Porch = Tr(=T1) 
Load Back Porch = Tp(=T1) 
Shift Clock To 

address out delay Ta 

Shift Clock To 

Execute Delay Te(=T4) 
Shift Clock To 
Output Delay 
Counter Input f 
frequency 

Counter Input 

pulse width: 

HI 

LO 


30 


2.0 
1.0 


Typ. 


Max. 


+12 
28 


Vop 
Vop 


Vop 
+1.0 


+1.9 


100 


Units Conditions 


V 
mA 


<<a ccc ccroc croc cs 


pA 


Units 
MHz 
ps 
Us 


Us 
ns 
ns 
ns 


NS 


ns 
KHz 


ps 
ps 


All outputs 
open ckt. 


@loH=20uA 
@lo,=2.5mMA 
@lo_=1.6mA 
@lo_=6.2mA 
@lop=4.1mMA 
@lot=12mA 
@lo. =8mA 
@VoH=+2.0V 
@VoH= +4.8V 
@VoyH=+6.0V 
@VoH=+8.7V 
@VoH= +8V 


@VoH=11.5V 
@Vo_=+0.8V 
@Vo, = +0.6V 
@Vo_=+0.4V 
@Vo_=+0.8V 
@Vo_=+0.6V 
@Vo, = +0.4V 
@Vo_ = + .8V 

@Vo, =+.6V 

@Vo.=+.4V 


@ViH=Vpp—-5V 
@VinH=Vpp-—.5V 


@Vj, = +0.2V 


Condition 


@fosc=2.0MHZ 


@fosc=2.0MHZ 
@fosc=2.0MHZ 
@fosc=2.0MHZ 


PROGRAM EXAMPLE 


A simple example is given below to illustrate how the codes are Let us assign ICS internal register M1 to store the status of S and 
constructed. M2 to store the status of the output latch LO1 during each sample 

cycle. A flow chart to describe the program steps is given in Fig 8. 
A momentary push-button switch, S is connected to the DI1 input The program is in mnemonic code and its binary equivalent is 
of the ICS as shown in Fig. 7. It is required that every time S is given below. 


pushed, the output LO1 will toggle (change state). Note that only 
the transition from the nondepressed to the depressed state 
should cause LO1 to toggle; if S is held depressed, it will have no 
further effect on the output. 


+V 


+V/ S 


TOGGLE 
THE OUTPUT 


STORE 
OUTPUT 
STATUS IN M2 


LS7270 


STORE SWITCH 
STATUS IN M1 


FIGURE 8 


FIGURE 7 


Mem. Address Mnemonic Binary Comment 
(Decimal) 


Read status of S and 
save it in T2. 


lf S changed go to next step, 
otherwise back to start. 


S changed; get ready to 
test for open/close. 


Closed? If so, skip next step 


STRT: LD DIi, T2 


om) 
— © 
COO 


XOR M2, —2 


LD T2 


OD j Ou | COIN 
—-O;— © 
o_O — 


XOR T1, +1 


~] 
Oo}; © 


Not closed. Go to UPDT 
routine to update M2 


S is closed; so get ready 
to toggle. 


Toggled. 


J UPDT 


LD M1 


—I© | Oloo 
i) 


oTRC LO1 


oTRC M1 Save current output 


Status in M 


UPDT: LD T2 Current status of S 


—_h, 
o> 
—_—O};]— © 


—t Jona 
NOD 


STR M2 Save stauts in M2 


— ooh, | eo, 
GoyPho 
-_-O};- © 
AS [OH | r- OO /- OTOO]TH O;on 


= y Se 
COICO 
—& 


J STRT 


fs 
OOo [- oO /CoOo]/- Ol] O]CO;loo]—- 0 |o 0 /- o|/o— 
+O [OO [OO [OO Too ;Too];+]+ | | = GD/oo!]- a | O@ 
OO [OO JOO] CO} OLOOD/OODl/OoOl]oo!]o-+"- |o © 
oOo }t oO ]/t oO; CO [/OO]- O};CoO0o]-—- oO /+ o | = + | OO 
COO [OO /H- DILOOlOoOl;OoOol;oo!]- o J = OJOo- | 9 © 
OOo [OO |- OOO l/ool;ooloo!];-+ =] | = D/|/o0o0|Ccooe 


Start new sample cycle 


NO INO 
—I© 
fam ex) 
— © 


Note here that memory addresses for successive instructions have incremental value of 2. This is because each memory location 
can only hold a single byte (8 bits), whereas, an instruction consists of 2 bytes. The low byte of the first instruction is stored at 
address 0 and the high byte at address 1. The low byte of the second instruction at address 2 and the high byte at address 3 and so 
on. 
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AC POWER CONTROLLERS 


FEATURES: 

e Phase-locked-loop (PLL) synchroni- 
zation produces pure a-c across the 
output load (no d-c offset) 

e 10 levels of output power ranging from 
37% to 97% of rated load wattage 

e Controls output power by controlling 
the a-c Duty Cycle 

e Operates on 50Hz/60Hz line frequen- 
cy for PLL synchronization 

e 10V to 14V supply voltage 

e 10 1/0’s for touch or mechanical switch 
inputs for power selection and LED 
driver outputs to indicate selected 
power | 

e Speed controller for universal and 
shaded pole motors 


GENERAL DESCRIPTION: 


LS7310-LS7313 are specifically designed for appliance — 


power control such as blenders, vacuum cleaners, mixers, 
etc. I/O’s are provided for selecting and indicating 10 power 
levels, which generally exceed the requirements of most 


appliances. If, however, the inputs are not fully utilized, only | 


the desired power level inputs/outputs (PL — I/0’s) may 
be hooked up for any specific appliance application. 


The LS7310 and LS7311 are designed for external — 
mechanical switch control. The LS7312 and LS7313 are 


designed for external touch control. 


A logic O level applied to PL input in excess of Ty (see 


dynamic characteristics), selects the power level associated 
with that PL input. TOUT is turned on when the power level 
selection is followed by the application of either RUN or 
_ PULSE input. The TOUT is a negative pulse occuring every 


half-cycle of the SYNC input with a_phase angle that is | 


specific to the selected PL I/O. The TOUT is designed to 
drive a triac in series with the load to control the a-c duty 
cycle through the load. 


A PL input, when selected as described above, switches 
its status from being an input to an output. As an output, 
the PL is designed to drive an LED to indicate the selected 


power level. The active PL output switches back to the input - 


CONNECTION DIAGRAM — TOP VIEW 
STANDARD 18 PIN PLASTIC DIP 


CL /CL JEL /OLELS 1 


state, only when a different PL input is selected, the output 
Status now being transferred to the new PL 1/0. 


1/0 DESCRIPTIONS: 
PL1 — PL10 (Inputs/Outputs) 10 inputs/outputs for selecting 


10 output phase angles (power levels). When no power level 


is selected (such as after system power-up), PL1 — PL10 
all act as inputs. When a power level is selected by applying 
a logical zero at one of these inputs in excess of TH (see 
dynamic characteristics), the selected input switches status 
to become an output in order to drive a display such as 
an LED. It switches back to the input state only when another 
PL input is activated. LS7310 and LS7311 have internal 
pullups of about 100K ohms. LS7312/LS7313 do not have 
any internal pullups. 


RUN (Input) When a logical_0 is applied to the RUN input 
in excess of TH, the output (TOUT) is turned on at a phase 
angle selected earlier by one of the PL |/O’s. If no power 
level was selected prior to the application of the RUN input, 
the circuit remains unaffected. Note that once the TOUT 
has been enabled, its phase angle can be altered by applying 
any other PL input without the need to apply the RUN input 
again. LS7310/L$7311 have 100K Ohm internal pullup on 
this input. LS7312/LS7313 do not have pullups. 


OFF (Input) When a logical zero level is applied to this input 
in excess of TH, TOUT is turned off if it was on. If TOUT 
was already off, the circuit remains unaffected. Note that 
OFF input does not alter the power level selected by a PL 
input. Following an OFF operation, TOUT can be turned on 
at the previous phase angle by applying the RUN input. 
L$7310/LS7311 have 100K Ohm _ internal pullups. 
L$7312/LS7313 do not have pullups. 


PULSE (Input) A logical zero level applied to this input turns 
the TOUT on for as long as the PULSE input is maintained. 
The PULSE input, however, has no effect if no power level 
is in selection or if the TOUT has already been turned on 
by means of the RUN input. LS7310/LS7311 have 100K Ohm 
pullups. LS7312/LS7313 do not have pullups. 


SYNC (Input) Input for PLL reference frequency (50 Hz/60 
Hz). All internal clock frequencies are synchronized with the 
SYNC input. 


CAP (Input) Input for external component connection. A 
capacitor of 0.047nF + 20% should be used on this input 
as shown in the application example (Figure 4). 


TOUT (Output) Triac output. This output is designed to drive 
a triac in series with load and control its firing angle with 
respect to the a-c. 


The LS7310 and LS7312 provide a nominal 33 microsecond 
output pulse width. Since some motors have large induc- 
tive loads producing a large phase delay between voltage 
and current, a wider output pulse may be required. The 
L$7311 and LS7313 produce a 1.0 millisecond output pulse 
width. Otherwise, these parts are identical to the LS7310 
and L$7312 respectively. 


VSS Positive supply terminal. 
VDD Negative supply terminal. 


TABLE 1. OUTPUT CONDUCTION ANGLE“ 


TOUT, CONDUCTION ANGLE, 


QUTPUT POWER 


POWER LEVEL INPUT @ (DEGREES) RATED POWER X 100% 
PL1 78 37 
PL2 86 46 
PL3 93 53 
PL4 100 60 
PLS 107 69 
PL6 112 74 
PL7 119 79 
PL8 127 86 
PL9 137 92 
PL10 149 97 


“Mask Programmable 


RI C2 D1 


Na a 
1 \/ 
ma 
R2 2 
WS 
--- 
C1 MT2 
R6 /\/ T 
, Be 
cot Mm D2 CAP 
RS 
LS7310/LS7311 
VSS 
p e@ e e 
" R1 c2 D1 
O < 
\/ 21 
a , 
O 
R2 
IS 
r-- 
cl | m2 
- AVA 
S 
e L MT1 “a 


LS7312/LS7313 


VSS 


U . - Se Ae ek we, Fame praia 
ALL eee touch inputs must be tied repair 
—e and ‘broushe.t to VSS: through a 1008, a resistor. — 

15VAG 7 : 290 VAC 


0.154F/250 VAC RS = 10KQ/ 1/4W Ci = 0.154F/400 VAC R5 = 10KQ/ 1/4W 
0.68uF/250 VAC **R6 = 1.8K0/ 1W C2. = 0.68.F/400 VAC **R6 = 1.8KQ/ 2W 
0.047nF/25 VDC R7 = 1MQ to 5MO/ 1/4W C3 = 0.047nF/25 VDC + R7 = 1MOQ to 5MQ/ 1/4W 
C4=4 
C5 = 2 


Huu na 


Cc) 9 C9 CO 
& GNM — 
iu ul 


470pF/25 VAC (Select For Sensitivity) 70pF/25 VAC = R8 = 4.7 MQ/ 1/4W 
C5 = 220uF/25 VDC R8 = 2.7MQ/ 1/4W 20uF/25 VDC 8 21 = 13V/1W Zener (+5%) 
|**C6 = .047uF/250 VAC 83 Z1 = 13V/1W Zener (45%) **C6 = .047uF/400 VAC *Z2 = 6.2V/ 1/4W Zener (+5%) 


Ri = 270 ohms/2W = *Z2.: = 6.2 VW/ 1/4W Zener (+5%) | Ri = 1KO/1W Di, D2 = 1N4148 

R2 = 1.5M ohms/ 1/4W D1, D2 = 1N4148 R2 = 1.5MQ/ 1/4W T = L4006L7 

R3 = 3.3KQ/ 1/4W T = L2006L7 R3 = 3.3KQ/ 1/4W L = 100 wH (Rfi Filter) 
R4 = 3900/ 1/4W L = 100 pH (Rfi Filter) R4 = 3900/ 1/4W 


*Zener type should be that which produces its rated voltage at 500 microamperes or less such as part type MZ4627. 
**R6-C6 network may be required for some motor inductive loads. Note: Use LEDs requiring 5 mA or less. 
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ABSOLUTE MAXIMUM RATINGS: 


PARAMETER SYMBOL VALUE UNITS 
DC supply voltage VSS +20 Volt 
Any input voltage Vin VSS +.5 Volt 
Operating temperature TA 0 to +80 °C 
Storage temperature Tstg -65 to +150 °C 


‘DC ELECTRICAL CHARACTERISTICS: (All voltages referenced to VDD) 
(TA = 0 to 80°C) 


PARAMETER SYMBOL MIN TYP MAX UNIT CONDITION 
Supply voltage VSS +10 +12 +14 Volts — 
Supply current Idd — 1.2 2 mA @ VSS = + 12V, All Outputs Off 
Input voltages: 
sync, lo VSYL 0 — 1/3 VSS Volts 
Sync, hi VSYH 2/3 VSS — VSS Volts 
Ail other inputs, lo VIL 0 —_ 1/4 VSS Volts 
All other inputs, hi VIH /2VSS — VSS Volts 
Input currents: 
sync Input WH 110 pA With Series 1.5MO 
Input Pull Up Resistor to 115 Vac Line 
Resistance 
For LS7310, LS7311 
PL1 — PL10 RIN 50 100 200 KQ 
Output voltages: 
TOUT, hi VQTH — 0 _ Volts 
TOUT, lo VOTL _ VSS-4 — Volts 
Output currents: 
TOUT Sink loT 20 — mA @ VSS = +12V 
VOTL = VSS —3 Volts 
lOT 25 mA @ VSS = +12V 
VOTL = VSS - 2 Volts 
PL Source lop 5 | am mA VopL = VSS -1 Volts 
DYNAMIC CHARACTERISTICS: 
PARAMETER SYMBOL __MIN TYP MAX___—_—sUNIT.__ CONDITION 
Sync frequency fs 40 — 70 Hz — 
PL/RUN/PULSE/OFF | 
hold time TH 34 — infinite ms @ 60 Hz Sync 
TH 40 — infinite ms @ 50 Hz Sync 
TOUT pulse width 
(7310/12) TW _ 33 — ps @ 60Hz Sync 
Tw — 39 ~ uS @ 50Hz Sync 
TOUT pulse width | 
(7311/13) TW — 1.0 — ms @ 50/60Hz Sync 


SYNC 


FIGURE 2 — OUTPUT PHASE ANGLE # 


VOD VDD 


LS7310/11 LS7312/13, 


= FIGURE 3 
PL INPUT/OUTPUT CIRCUIT. 


a : LEVEL 1 

t 

] 

{ 
— 
PULSE =e LEVEL 10 
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CONTROL PHASE TOUT 
LOGIC ANGLE DIGITAL 
Pm DRIVER POINTER OMPARATOR DRIVER 
PLi > 
| 
is 
Po 
j ' : 
PHASE-LOCKED 
te DRIVER LOOP 
ee 0, 
VDD a GENERATOR 
R 
SYNC 
2R 
CAP FIGURE 6 
V/ 


vss LS73XX BLOCK DIAGRAM 


V/ 
VSS 


L$7501 
L$7510 


TONE ACTIVATED LINE ISOLATION DEVICE 


FEATURES: 
° Low power CMOS design 
© On chip oscillator (32,768HZ external crystal required) CONNECTION DIAGRAM: TOP VIEW 
e Tone input can be low level sinusoid (as low as — 30 STANDARD 16 PIN PLASTIC DIP 


DBM) or fully digital. 
© Mask programmable available frequencies: 11 HZ to 4095 
HZ (in 1 HZ steps) 


e Sample interval -4.5 seconds (Mask programmable 0.5 DTO VDD 
to 8.0 seconds). 
TIME BASE X2 
VF OUT x1 | 
DESCRIPTION 
The LS7501 — LS7510 are irequency discriminator circuits V1 OUT FREQ IN 
that respond to a standard frequency input if the input is 
maintained within -- 10HZ during a 4.5 second continuous FDEN AMP IN 
Sample intcrval. During this interval, the input is being 
sampied every 0.5 seconds. If it is valid for the sample in- DTEN INPUT | 6 | AMP OUT 
terval, then the circuit can be used to pulse a relay that 
disconnects the line to be tested. After 20 seconds of discon- SET RELAY/PULSE OUTPUT RESET 
-nect time, the relay is reset and the line is restored. There 
are ten standard frequency versions of this circuit. These RESET RELAY PULSE | 8 VSS 
are indicated in table 1 with their associated input SET RELAY LEVEL 
discriminator frequencies. FIGURE 1 
TABLE 1 
PART NO. FREQUENCY (HZ) 
L$7501 2683 
ee re The input is sampled for a 1/2 second interval and if a proper 
187504 9773 frequency is present, the VF output goes high. 
L$7505 2833 C. The sample interval timer is enabled when a valid frequency 
L$/7506 2863 is detected. The purpose of the timer is to insure that the input 
L$7507 2893 frequency is continuous for a period of 4.5 seconds + 125ms. 
L$7508 2923 If the applied input frequency is interrupted during the detec- 
LS7509 2953 tion period, the timer is reset and a new detection interval is 
L$7510 2983 Started. At the end of a valid sample period, a 125ms pulse 


is generated at VI. 


D. Disconnect Timer: 
Enabled by a positive edge on the DTEN input and clocked at 
a 2Hz rate, this timer determines the disconnect time. (20 + 
.5 seconds). On timeout, a positive pulse is generated on DTO. 


DETAILED DESCRIPTION 
A. Input Amplifier: 
The amplifier has a minimum gain of 40. The input should be 


a.c. coupled. E. Clock Generator: 7 
B. Frequency Discriminator: | A 32,768 Hz crystal oscillator and a chain of binary dividers 
The frequency input can be a digital source or the output of provide all the timing signals. 


the amplifier. 


TABLE 2. INPUT, OUTPUT DESCRIPTION | 


DESORPTION 
1 Disconnect timer time out. Active high pulse generated at the end of disconnect 

7 time (20 sec); normally connected to Pin 5. 
3 Valid frequency. Active high when input frequency is 2713 + 10 HZ (LS7502). 


| VI OUT 125 MS Active high pulse output generated when an input frequency has been 
valid for the duration of the sample interval (4.5 seconds). 
FDEN Frequency detector enable (Positive edge triggered) 
DTEN INPUT Disconnect timer enable (Positive edge triggered) normally connected to VI out. 
| It also disables frequency detection. | 
7 SET RELAY/ 3.9 ms active high pulse generated when a valid frequency has been present for 
PULSE OUTPUT 4.5 seconds. | 


RESET RELAY PULSE/ 3.9 ms active high pulse generated when the disconnect timer times out or a 
SET RELAY LEVEL high level that lasts for the duration of the 20 second time out. (Mask program- 
mable). If the reset relay option is active, a pulse is generated on the RESET 
RELAY Output at power-up. | 
A NS 
RESET External reset. An active high pulse will reset circuit (Internal pull down). 
. AMP OUT Amplified Tone. Usually connected to the FREQ pin. 
AMP IN Tone input for low level (to — 30 DBM) sinusoid. 
FREQ IN Digital tone input. 
Crystal Sees 
Tie | ~~*vDD~~—_—_| Positive Supply - 
Maximum Ratings: (Voltages referenced to VSS) 
RATING SYMBOL VALUE UNIT 
DC supply voltage VDD +2.5 to +6.0 Vdc 
Operating temperature range TA -25 to +70 °C 
Storage temperature range TSTG -65 to +150 °C 


DC Electrical Characteristics: 
(VSS = OV, VDD = +2.5 to +6.0V, -25°C TA  +70°C unless otherwise specified) 


PARAMETER CONDITIONS VDD MIN MAX UNITS 
Output Source Current Vy = 0.7V 2.5V 100 — pA 
V, = 0.7V 5.0V 1.0 — ma 
Output Sink Current Vy = 0.25V 2.5V 350 _ vA 
V, = 0.25V 5.0V 900 uA 
Input Specifications (All Inputs) 
Vi, (MAX) 2.5V — 0.75 Volts 
5.0V — 1.50 Volts 
Vi, (MIN) 2.5V 1.75 — Volts 
9.0V 3.50 — Volts 
Noise Margins: 2.5105.0V 1.0 — Volts 
Quiescent Device Current: 2.5V — 20 pA 
Note: Reset Input Contains Internal 100KQ Pulldown. 
A.C. Specifications (All Outputs) 
Trise> lgaL CL = 50pf 5.0V — 1.0 usec 


TELEPHONE LINE INTERROGATOR 
AND TONE BACK GENERATOR 


CUSTOMER 


NETWORK 


R14 Q1 


R2 


R4 


R3 


POWER SUPPLY + 


VSS 


C1 RS 


DIFFERENTIAL AMP 


C2 R6 


R1=50kQ, 1 WATT C1,C2=.001pnF 400V 


R2=15kQ C3=2.2uF 10VDCW 

R3=10kQ C4=10nF 10VDCW 

R4=1kQ D1-D4=IN4002 

R5-R6 = 100kQ Q1 =MPSA42 

R7=200kQ XTAL=32¢768Khz 
DESCRIPTION 


This application indicates a method for interrogating a 
telephone line when a 2713Hz (+10HZz) tone is detected 
for a minimum of 4.5 seconds. (The LS7502 Circuit.) 


At the end of the 4.5 second sample period, an 
oscillator is energized and generates a tone back 
signal. This signal modulates the line at a voice level 
of -16DB or 3.5MV peak to peak. 


Typical system input activation sensitivity is -30DBM. 
The unit should also be operational down to 6 volts at 
the tip/ring network terminals. 


As shown in Figure 2, the differential op-amp is con- 
nected to the telephone lines through .001,F coupling 
capacitors. This eliminates the D.C. component and 
acts as the first filter for 60Hz. The differential amplifier 
stage is followed by a band pass filter centered around 


BAND PASS FILTER 


FIGURE 2 


VDD | 


TONE 
BACK 


OSCILLATOR 
CIRCUIT 


2713Hz. This filter should be designed for high Q’s 
(Q=10) and yet utilize current efficient op-amps. 


The band pass output is then squared up and con- 
nected to the digital tone input (Pin 13). The input 
signal, is sampled by the digital discrimination section 
of the LS7502. If 2713Hz (+10HZz) is present for 4.5 
seconds, a 125 millisecond pulse at Pin 4 is applied 
to the DTEN input (Pin 6), causing an internal flip-flop 
to set an the set relay output (Pin 8) to go high, ac- 
tivating the tone back oscillator. 


As the 10uF capacitor (C,) builds up stored charge, it 
biases the FDEN input (Pin 5) through R, until it is suf- 
ficient to reset the internal flip-flop and bring the cir- 
cuit back to its idle state and turn the tone back 
oscillator off. By varying the R_-C, network, the time 
constant for the tone back duration can be varied. 


CIRCUIT BLOCK DIAGRAM 


SAMPLE INTERVAL 
TIMER 


FREQUENCY 
DISCRIMINATOR 


FREQ IN 


(125ms PULSE) VI 


DISCONNECT 


TIMER 
Or EN 
RESET RELAY PULSE 
OPTION RESET RELAY ES 


ae SET RELAY SET RELAY LEVEL 


me FDEN | 5 | 
, 3.9ms 
ONE 
SHOT 


24g 
Fa) Pas) DTEN 
i 6 
VSS 
TIME BASE 
FIGURE 3 


NOTE (1) All devices shown on the LS7501 through the LS7510 are configured with the set relay outpout on Pin 8. The reset option can 
be substituted by optional mask change. 


NOTE (2) All devices shown with the exception of the LS7502 are configured with the clock-0, 32KHz output on Pin 2. The LS7502 is con- 
figured with the clock-2 time base output of 8Hz. These outputs may be changed with the same optional mask change referred 
to in Note 7. 


The information included herein is believed to be accurate and reliable. 
However, LS! Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. 
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THREE AND FOUR PHASE BRUSHLESS DC MOTOR CONTROLLERS 
USING PULSE-WIDTH MODULATION 


ABSTRACT 


This paper describes the five motor circuits which drive 
brushless DC Motor controllers and are available as standard 
products from LSI COMPUTER SYSTEMS, INC. The theory 
of operation of each of the circuits is explained, accompanied 
by circuit block diagrams. Numerous applications are 
illustrated and interface circuits for driving high voltage motor 
windings using bipolar and MOS power transistors are 
indicated. The first of these five is the LS/7261, which is 
an open or closed loop commutator sequencer. It operates 
at 7 to 28 volts and has externally selectable input and output 
codes for 60°, 120°, 240° and 300° electrical sensor 
Spacing. It has a pulse width modulation for analog speed 
control and forward/reverse inputs. In addition, this circuit 
contains positive static braking, overcurrent input, and an 
Output enable control. There are 6 outputs for driving 3 phase 
or 4 phase motors. 


Whereas in the LS7261 the overcurrent causes the outputs 
to switch on and off directly from the overcurrent sense 
input, the LS7260 and LS7262 circuitry causes the outputs 
to switch off immediately upon sensing the overcurrent 
condition. It only switches back on at a rate determined by 
the pulse width modulation chopping rate. 


The LS7263 is a highly accurate speed regulator operating 
at 10 to 28V and designed to control the speed of a 3-phase 
brushless DC motor. The specific circuit is programmed for 
3600 RPM applications using a 3.58 MHZ crystal. Other 
speeds can be controlled by changing the crystal frequency 
or by having the circuit reprogrammed by the company. 
It is presently available for 4 or 8 pole motors and 60° and 
120° sensor separation. 


The LS7264 is basically the same as the LS7263 except 
that it was designed for the 4-phase brushless DC motor. 


BRUSHLESS DC MOTOR COMMUTATOR 


The advent of brushless DC motors has brought with it the 
need to integrate its unique circuit control requirements into 
a flexible, low cost integrated circuit. The ideal circuit should 
be able to commutate 3 and 4 phase motors. It should have 
some means of controlling the speed of the motor. It should 
also have overcurrent protection circuitry, a brake input, 
a forward/reverse input, and be able to accommodate 
different electrical sensor spacings. 


The heart of the LS7261 and the LS7262 commutator circuit 
is the decoder which senses the Hall effect inputs and creates 
the proper turn-on sequence of the output devices which 
are used to drive the motor. In addition, these circuits are 
able to commutate properly whether the Hall switches are 
separated electrically by 60°, 120°, 240°, or 300°. Figure 
1 illustrates the commutator circuit block diagram. CS1 and 
CS2 inputs are used to select the proper decode mode 
depending on the Hall electrical separations. S;, S2, and 
S3 designate the Hall inputs. Also indicated are the 
forward/reverse inputs, the enable input, the brake input, 
the common input and the output drivers. The speed of the 
motor can be controlled by the saw tooth oscillator circuitry. 
The external R-C network was chosen to set the oscillator 
at approximately 30KHz. The oscillator will ramp within the 
power supply rails as shown. By adjusting V,,,, to the 
desired voltage, the comparator output duty cycle can be 
adjusted to be between 0 and 100%. This output is then 
applied to the output driver circuitry and causes the outputs 
to be chopped at the oscillator frequency. Varying the duty 
cycle will result in output drive signals that can vary from 
full off to full on or to any level in between. 


The LS7260 and LS7262 incorporates a flip flop as part of 
the overcurrent protection circuitry. An overcurrent condition 
generates a voltage greater than V,,, and resets the flip- 
flop which disables the output drivers through the And gate. 
When the overcurrent condition terminates, the next positive 
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FIGURE 1 
. LS7261/LS7262 BLOCK DIAGRAM 


saw-tooth oscillation edge will enable the drivers again. The 
ensuing result of this circuit is to limit the maximum 
switching rate of the output drivers to the chopping 
frequency. The LS7261 does not have this flip flop. The 
overcurrent sense comparator drives the And gate directly. 
In this case, the motor and driver circuit time constants 
will determine the maximum output driver switching rate. 


USing the LS7261/LS7262 for three phase push-pull 
operation, the output driver circuitry consists of six MOS 
transistors with a common terminal. The output circuit 
driving a delta configured motor is shown in Figure 2, while 
a center tapped single ended driver circuit is illustrated in 
Figure 3. Pin numbers are included for reference. The 
sequencer logic causes the external driver transistors to turn 
on in the correct timing relationship. Referring to Figure 2, 
it can be seen that in order to drive the motor windings, 
the external transistors must turn on in pairs. For example, 
to drive winding L1, PNP Transistor Q; and NPN transistor 
Qs must turn on simultaneously or PNP Q2 and NPN Q4 must 
turn on simultaneously. These transistors are turned on by 
enabling internal MOS driver transistors. Turning on 
transistors Q2 and Qs require Q, and Q, to turn on. By 
driving the gates of MOS transistors Q, and Q, negative, 
current is forced to flow through the bases of Q, and Qs. 
Output 1 (01) sinks current and output 5 (0s) sources current. 
similarly, enabling Q, and Q, causes current to flow 
through the bases of Qo and Qy. 


FIGURE 2 
PUSH-PULL OUTPUT DRIVER ——e 
FRACTIONAL OHM RESISTOR 


Using the LS7261/LS7262, the overcurrent circuit indicated 


in Figure 2 consists of a potentiometer and a fractional ohm 


resistor. The potentiometer is adjusted until all outputs are 
disabled for currents greater than the desired limit. During 
the overcurrent condition, all the MOS driver transistors are 
cut off which causes the bipolar driver transistors to disable. 
If a brake signal is applied, then the common terminal is 
forced to the positive supply voltage, VSS. Since Q,, Q, 


and Q, are turned on, 0;, 02, and 03 are driven to the 


positive supply voltage cutting off external transistors Q,, 


Qe and Q3. In addition, internal transistors Q,, Q, and Q, 


are turned on which causes Q,, Qs and Gg to turn on shorting 
the motor windings together and stopping the motor. The 
brake signal always overrides the overcurrent sense input. 


+7 to 28 VDC 


FIGURE 2A TO OVERCURRENT 
PUSH-PULL OUTPUT DRIVER ADJUSTMENT 


Figure 2A indicates a similar circuit using the LS7060 for 
driving P Channel and N Channel FETS and developing a 
full 12 volt drive for the N Channel and P Channel FETS 
when using a 12 volt supply. In this configuration, the 
appropriate bottom N Channel transistor turns on while the 
upper P Channel transistor turns off. To turn, winding L; 
on, Qs of the LS7260 turns off, allowing the external resistor 
R; to force the gate of Qo; to ground. Since the source 
Of Qio1 is tied to +12 volts, the gate drive on Qio; is -12 
volts. Internal transistor Q4 is turned on and since Pin 5 
of the LS7260 is tied to +12 volts, the gate drive of Qio5 
becomes +12 volts. Current is forced through L; from Qo; 
to Qios. Similar current is reversed through L; when P 
Channel FET Qio2 turns on and N Channel FET Qio4 turns 
on. The overcurrent sense circuitry performs in exactly the 
Same manner as the LS7262 does when driving bipolar 
transistors. The overcurrent donditions causes internal 
transistors Q3, Q4 and Qs to cut off and Qs, Q7 and Qs to 
turn on. This causes the external power FETS to turn off. 
Applying the brake signal causes internal transistors Q¢, Q7 
and Qg to turn on Cutting off the external P Channel power 
FETS and causes internal transistors Q3, Q4 and Qs to turn 
on which, in turn, turn on the external N Channel power 
FETS. This causes the Motor windings to short together 
stopping the motor. As in the LS7262, the brake signal 
always overrides the overcurrent sense input. 
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FIGURE 3 
SINGLE ENDED OUTPUT DRIVER 


Figure 3 illustrates a much simpler set up using single ended 


drivers. Qs, Qs, and Q¢ will turn on sequentially as before. 
Only one base current limiting resistor is required and this 
is in series with the common terminal that is connected to 
the supply voltage. Applying the brake to this circuit causes 
all the output transistors to turn on and the motor power 
supply to disconnect which causes the motor windings to 
Short together. 
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COMMUTATION SEQUENCE FOR 60° SENSOR ELECTRICAL SEPARATION 


Figure 4 indicates the output commutation sequence for 
sense inputs which are 60° electrically separated and for 
the forward/reverse input equal to a logic 1. The motor is 
assumed to be wound in a delta configuration and clockwise 
is assumed to indicate a positive voltage. The circuit is 
assumed to be configured as in Figure 2. When S; is high 
and Se and S3 are low, 03 becomes negative and O; becomes 
positive turnings on winding Lz as shown. This is 
commutation State 1 as shown on Figure 4. The next 
commutation State 2 occurs when S, and So are high and 
93 iS low. In this case, 03 becomes negative and O; becomes 
positive turning on winding Lo as shown. This is 
commutation State 1 as shown on Figure 4. The next 
commutation State 2 occurs when S; and So are high and 
S3 is low. In this case, O3 remains negative and O4 becomes 
positive causing winding L3 to turn on as shown. The rest 
of the sequence is indicated in Figure 4 and will repeat every 
rotation of 360° electrical degrees. The overcurrent condition 
causes 0;, O02 and 03 to become high and 04, Os and Og 
to become low. As stated previously, this causes all of the 
output bipolar transistors to cut off. Also is indicated 
previously, the brake input causes all the outputs to go high 
shorting the motor windings together. 


The LS7261 or LS7262 can also interface with four phase 
motors by connecting inputs CS; and CS. low and 
connecting Hall sense inputs Sp and S3 together. Four phase 
operation is indicated by Table 1. 


S, Se, S3 Forward/Reverse = 1 Forward/Reverse = 0 


0 0 0; 0, 
1 0 03 06 
1 1 04 0; 
0 0 0g 03 


TABLE 1 — FOUR PHASE COMMUTATION 


The four phase motor uses two Hall sensors 90° electrically 
apart. The Hall inputs create four outputs turning on 
successively as indicated in Table 1. For single ended drive 
with center tapped windings, the circuit common is tied to 
the positive supply through a base limiting resistor and 
outputs 0;, 03, 04 and Og drive transistors whose collectors 
are tied to the four coil windings of a four phase motor and 
whose center tap is tied to the motor supply. 


Circuit driving FETS can be used for the LS7261 or L$7262. 
A closed loop operation block diagram is depicted in Figure 
5. Either one, two or three Hall sense inputs can be used 
as inputs to the negative edge detector. If two sense inputs 
are used, they are applied to an exclusive-OR gate whose 
output drives the negative edge detector. Three sense inputs 
require two exclusive-OR gates. The use of two or three 
inputs will increase the loop gain of the feedback loop since 
the number of pulses appearing at the output of the negative 
edge detector will double or triple. In Figure 5, one Hall sense 
input (S;) is depicted. The output of the negative edge 
detector is applied to the integrator and consists of pulses 
whose width is constant but where the separation between 
pulses is a function of motor speed. The integrator produces 
a negative D.C. voltage whose value depends on the 
separation of pulses. If the motor speed increases, pulse 
separation decreases causing the output of the integrator 
to become more negative and the output of the operational 
amplifier to increase. This raises the V,,,. input to the 
L$7261/LS7262 and lowers the duty cycle of the output 
driver circuitry. The lower duty cycle will cause the motor 


speed to decrease. Similarly, a decrease in motor speed 


Causes the pulse separation to widen resulting in a decrease 
of voltage at the V,.,, input which raises the output driver 
duty cycle and the resultant motor speed. The desired speed 
is set by varying the voltage at the positive input terminal 
of the Op-Amp which adjusts the nominal V,,,, input. 
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FIGURE 5 
CLOSED LOOP OPERATION ’” 


The push-pull stage operates by using a P Channel power : 


fet to drive the motor winding to the motor supply and an 


N Channel power fet to drive the motor. winding to ground. 
With Pin 5 of the LS7261/LS7262 tied to ‘VSS, a positive 


Output at Pin 6 turns on emitter follower Qs. and the N 
Channel fet. When the output at Pin 6 returns to zero, resistor 
R7 removes the charge on the gate of N Channel transistor 
Qs rapidly cutting the transistor off. A positive output out 
of Pin 2 turns Q;, level converter Qo and Q3 off enabling 
the zener diode to develop the gate drive for the P Channel 
fet. When the output at Pin 2 returns to zero, Q,; turns on 
providing current for Q2 which turns on Qs rapidly shorting 


out the Zener diode and removing the drive on the gate of — 
the P Channel power fet. This circuit is still not very efficient 
as it dissipates power in Rs when Q, is off and Rg when — 


Q, is on. A more efficient power fet circuit utilizes identical 


N Channel power fets in a push-pull configuration. In order — 


to achieve this, an external supply must be developed for 
driving the gate of the upper N Channel power fet above 
the motor power supply voltage. A complete working circuit 
utilizing Siemens BUZ73 power fets operating a 150 volt 


3 phase brushless D.C. motor is depicted i in Figures 10 and 
11. Figure 10 illustrates the power supply used for generating — 
the upper N Channel gate drive. The 555 oscillator provides 
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VOLTAGE ADDER CIRCUIT FOR ALL N- CHANNEL 
POWER STAGE MOTOR DRIVER 
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a square wave which is A-C coupled to a diode network that 
is referenced to 150 volts by the upper IN4004. The lower 
IN4004 rectifies the 12 volt peak-to-peak square wave 
producing approximately 162 volt D.C. at point G. This 
becomes the gate drive of the upper N-Channel power 
transistor. Figure 11 illustrates the driver circuit. A high 
Output on Pin 2 turns on Q, and Qe driving the gate of the 
upper N Channel fet to 162 volts. The source of this fet 
will then rise to the motor supply of 150 volts. The 16 volt 
Zener Diode protects the gate to source junction during the 
rise time. When the output at Pin 2 returns to zero, Q; and 


~ Qe will turn off causing the gate to source capacitance of 
the upper N Channel fet to be discharged rapidly through 
Q3. A high output on Pin 6 is buffered by two parallel 
inverters of a CD4050 for charging the gate capacitance of 
the lower BUZ73 N Channel power fet. A low output on Pin 


6 causes the gate capacitance to discharge rapidly. This 
circuit is extremely efficient since significant Current only 
flows during the switching times. 


2N3906 


G 
ae | E 
1K ; - ° 
a be is - 
2 ON6518 = 
ingot 
BUZ73 
ey eal Ue 
a, | 
eK 2N6516 06] se TO MOTOR WINDING 
“FROM ald cl .. Sad 
iG ia Nie) auz 7 
3.9K 3 
fe cD 


{| 4050 | 
Lo _J 


FIGURE 11 | 
HIGH VOLTAGE OUTPUT DRIVER USING TWO-N CHANNEL POWER FETS 


- EMULATOR 


LS! COMPUTER SYSTEMS, INC. has developed an 
—LS7263/LS7264 emulator for optimizing the circuit 
~ programmability for any 3 or 4 phase brushless DC motor. 
—|f none of the four different types of 3 phase speed 


controllers or the 1 type of four phase speed controller ready 
available from LS! COMPUTER SYSTEMS, INC. will exactly 
match specific motor requirements, then a new circuit can 
be programmed accordingly. The emulator has 15 
thumbwheel switches for adjusting the output power transfer 
curve and switches for selection of sensor separation, 4 


_ or 8 pole motors, and tachometer division. The emulator 
_ provides all the interfacing circuitry found in the integrated 
circult and is peachy. available. 


The n@panaiion included herein is believed to be accurate and reliable. 
However, LS! Computer Systems, Inc. assumes no responsibilities for 
inaccuracies, nor for any infringements of patent rights of others which 
may result from its use. 


BRUSHLESS DC MOTOR SPEED CONTROLLER 


The LS7263 and LS7264 are designed for 3600 RPM + 
.1% regulated, fixed speed operation using a 3.58 MHz 
parallel resonant crystal. The circuits contain 
programmability for tailoring to specific motor applications. 
The principle of operation is similar to the closed loop 
operation previously described. Speed is adjusted by varying 
the output driver duty cycle. However, the output is not 
chopped as in the LS$7261/LS7262. For each commutation, 
— the corresponding motor winding is turned on and remains 
on for a percentage of the total time that occurs before the 
next commutation sequence begins. The On time is 
determined by a mask programmable ROM Look-Up Table. 
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FIGURE 6 
LS7263/LS7264 BLOCK DIAGRAM 


Figure 6 illustrates a simplified block diagram of the circuit. 
The tachometer input can be any one of the three Hall sense 
inputs S;, Se or S3. This input can be divided by 1, 2 or 
4 which is mask programmable. This enables speed update 
information to be gathered either once or twice a revolution 
for a four pole motor and once, twice, or four times a 
revolution for an eight pole motor. The output of the 
tachometer divider circuit is used to transfer new data to 
the latches and reset the accumulator enabling it to count 
clock pulses from a zero setting. The accumulator counts 
for a period equal to the time between tachometer inputs 
(or a multiple of that time). The number reached in the 
accumulator is proportional to the time between tachometer 
inputs which is inversely proportional to the motor speed. 
As the accumulator advances, its output which addresses 
the ROM Look Up Table causes the 15 outputs from the 
Look-Up Table to change from all logic zero’s to logic one’s, 
one at a time. The next output of the tachometer divider 
loads the Look-Up Table outputs into the latches and resets 
the accumulator to zero. The output driver duty cycle is 
proportional to the number of stages of the 15 stage latch 
that are set to a logic one. If the motor had been going 
at a much slower speed than desired, the latches would 
be loaded with all logic one’s. If the motor had been going 
at too high a speed, the latches would be loaded with all 
logic zero’s. If the motor is at or near the desired spped, 
then some of the latches would be loaded with a logic one 
and others with a logic zero. The exact curve of the 
percentage of on time versus speed and therefore the loop 
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gain is detrmined by the ROM in the Look-Up Table and 
can be tailored to specific motor designs. Figure 7 illustrates 
the output power transfer curve for 2 versions of the LS7263. 
The medium gain LS7263-01 circuit has its duty cycle 
change from 0 to 100% over a 40 RPM motor speed change 
while the 0 to 100% duty cycle change for the high gain 
LS/263-02 occurs over a 6 RPM motor speed change. 


The outputs of the latches are loaded at the beginning of 
each new commutation time to the 15 bit shift register. The 
shift register is clocked by a programmable divider. The 
divider, whose input is the 3.58 MHz crystal controlled clock, 
must be programmed to accommodate motors with different 
numbers of poles since the commutation time will vary, and 
therefore the speed of the shift register clock must be made 
to vary. The 15 bits of the shift register are entirely shifted 
out during each commutation time and applied to the LS7263 
decoder driver circuitry. Like the LS7261/LS7262, the 
LS/7263 decoder can be programmed to accommodate 
sensor separations of 60°, 120°, 240° and 300°. The 
decoder is set for 90° separation for the LS7264. The 
decoder driver circuitry provides three output current sinks. 
and three output current sources. These devices have output 
duty cycles which are determined by the number of latches 
in the 15 stage latch that are set to a logic one. They will 
become full On if the motor is going too slow and cut off 
if the motor is going too fast. A Quiescent condition occurs 
when the motor is operating at 3600 RPM. The output duty 
cycle under these conditions is between 30 and 70%. An 
overcurrent input is also provided which shuts off the output 
drivers during an overcurrent condition using a circuit similar 
to that used for the LS7261. Additionally, there is a brake 
input which will turn off all the sink outputs and a turn on 
all the source outputs thereby shorting all the motor windings 
together. There are four versions of the LS7263. Each one 
has been tailored to a specific motor operating at a fixed 
3600 RPM speed. At present, only one version of the LS7264 
exists. Table Il indicates the programming differences for 
each circuit available at present. 


NUMBER 
OF SENSOR 


TYPE POLES SEPARATION GAIN 
7263-01 4 60 Medium 
1263-02 8 120 High 
7263-03 4 120 Medium 
7263-07 8 120 Medium 
7264 4 90 Medium 


TACHOMETER DIVIDER DUTY CYCLE 
DIVISION SETTING AT 3600 RPM 

1 384 35% 

4 192 65% 

2 384 35% 

4 192 65% 

1 384 65% 


TABLE || — DEVICE PROGRAMMING 


Even though the LS7263 and LS7264 are designed for fixed 
speed 3600 RPM operation, other speeds are possible. For 
example, to operate at 5400 RPM using the LS7263-02, 
the motor tachometer input is first divided by two and then 
applied to the integrated circuit. Since the LS7263 now has 
more time to accumulate clock pulses, the circuit will 
interpret this to mean that the motor is going too slow and 
will therefore speed up. By using an external crystal of 2.68 
MHz, the motor will operate at exactly 5400 RPM. An 
alternate method of varying speed is simply to adjust the 


— oscillator input frequency. The oscillator input pin can be 


forced with an external drive signal instead of hooking it 
up as a Crystal oscillator. By lowering the input drive signal 
frequency, less clocks will be counted in the accumulator. 
This will be interpreted by the LS7263 as going too fast and 
the motor will slow down operation. Operation down to 1500 
RPM or less is possible using this technique. 


MOTOR DRIVER CIRCUITS 


The LS/7260/LS7261/62/63/64 are all designed to operate 
from 7 to 28 volts and have similar output circuitry. Figure 
2 indicates a mode of operation in which the motor controller 
circuit and the motor operate at the same power supply 
voltage. There are numerous applications in which the DC 
motor is designed to operate at a voltage higher than the 
integrated circuit can operate at. In this case, a level 
converter must be used. For the LS/261/LS7262, level 
converters are easily constructed if the common input, Pin 
9, is tied to the integrated circuit positive supply (VSS). 
Figures 8, 9 and 11 indicate different level converter circuits 
using sink output 0; (Pin 2) and source output 0, (Pin 6). 
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FIGURE 8 
BIPOLAR PUSH-PULL MOTOR DRIVER 


These outputs are never on simultaneously. Identical circuits 
are used for 02 and 05 and 03.and Og. By tying Pin 5 to 
VSS, all outputs become current sources. Figure 8 illustrates 
a simple bipolar output stage for level conversin. The Basic 
bipolar driver circuit uses an NPN and a PNP power transistor 
in a push-pull arrangement to drive the motor windings. 
Transistor Q; provides the voltage level conversion. A 
positive output at Pin 2 of the LS7261/LS7262 causes Q; 
to turn on and drive the base of Q3 through Resistor R3. 
A low at Pin 2 cuts off Q; and enables transistor Q3 to turn 
off rapidly providing R,4 is small. A high appearing at the 
output of Pin 6 is buffered through emitter follower Q2 to 
the base of Q,. A low at this output causes Qe and Q, to 
cut off. For very high voltage applications, the power 
consumed in Re and Rg can become significant. In these 
cases, a speed-up capacitor across Rg and a protective diode 
across the base to emitter junction of Qs is helpful. 


One of the disadvantages of the circuit illustrated in Figure 
8 is the high power consumed in the resistor network in 
order to make the level conversion and to have fast switching 
times. Power fets have an advantage over bipolar power 
transistors since the drive signals to turn these devices on 
consist of voltage inputs which do not require large 
components of current. The equivalent of a push-pull bipolar 
network utilizes a P Channel and an N Channel power fet. 
Unfortunately, P Channel power fets are at disadvantage 
when compared to N Channel power fets. P Channel fets 
have a much higher on resistance, are harder to get and 
more expensive than N Channel fets. High on-resistances 
reduce switching speed and absorb power which lowers 
efficiency and reliability. However, if a fast P Channel power 
fet is available, the configuration of Figure 9 can be used. 
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FIGURE 9 
HIGH VOLTAGE OUTPUT DRIVER USING A P CHANNEL 
AND N CHANNEL POWER FET 
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RED 5/6, RED 50/60- -|- 8 Lead Plastic DIP | 50Hz/60Hz Time Base Frequency Dividers with Reset & Enable | 0 75 


RED 100/120, 300/360 }° : ne ee ee ee _ ie 
500/600, 3000/3600 8 Lead Plastic DIP | SOHZ/60Hz Time Base Frequency Dividers with Reset & Enable 


ROD 104 oe | 8 Lead Plastic DIP. ; 
é . % : i‘ Me 
LS3404; 3406 Series 8 Lead Plastic DIP 


LS7030 “40 Lead Plastic DIP 


LS7031 - 1° 40 Lead Plastic DIP [ux | 9.60] ats | 6.95 |! 5.90 
2 an 350KHz Synchronous Dual 3 Decade Up/Down Co | , 


se ss : "| 250KHz 6 Decade Predetermining Up/Down Counter with | 
L57055, 57036 | - 40 Lead Plastic DIP Integral Preset, Presignal and Mainsignal Store | 2.35 | 7.00 | 60s | 5.45 | oes 
LS7060.—Ciy. € 18 Lead Plastic OIP 10MHz 32 Bit Binary Up Counter with Byte Wide Multiplexed 9.70 | 8.25 | 7.00 
hr "Te ss" "Tl Three State Outputs. 32 Bit Latch (15MHz Version Available) 
LS7061 _ |. 26 Lead Plastic pip | .20MHz 32 Bit Binary Up Counter with Byte Wide Multiplexed 


‘Three State Outputs. 40 Bit Latch (15MHz Version Available) 
Ls7062 18 Lead Plastic DIP 
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lody Generators with 255 Note Capacity. Mas Srogrammab e 
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7.5MHz 6 Decade Multiplexed Up 
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(10MHz Version Available) — - | | | 
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IOMHZ Qua? 16 Bit Binary Up Counter with Byte Wide Multi- 
plexed Three State Outputs. 32 Bit Latch (15MHz Version Avail.) 


10MHz Dual 16 Bit Binary Up Counter with Byte Wide Multi- 
plexed Three State Outputs. 40 Bit Latch (L5SMHz Version Avail 


LS7063 24 Lead Plastic DIP ie 11.00 


4MH2 24 Bit Multi-Mode Counter Microprocessor Programmable 
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40 Lead Plastic DIP 


| .s7222, 687223 20 Lead Plastic DIP 


(87331,187332 4“ Lead Plastic DIP | 
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LS7270 : 40 Lead Plastic DIP Progranmable Integrated Controller/Sequencer 7 
-LS7310,7311, - J nh | 10 Leve? AC Power Controller. Power Levels Individually : 
LS7312,7313 - 18 Lead Plastic DIP Selectable along with On/Off/Momentary. Touch/Switch Sense 

LS7501 thru $7510 16 Lead Plastic DIP Renate Tone Activated Telephone Line Isolation Controller. 
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Kaypad Controlled Digital Locks. 


Hardware Programmable. 
5040 4 Digit Codes - sO i 


LS7220, 7225,7226 | 14 Lead Plastic DIP. 


Keyboard Controlled Digital Locks. 
38416 4 Digit Codes. 


Qual Pulse Train or 2 Push Button Controlled Digital 
Locks. Hardware Programmable. 512 9 Bit Codes 


=e ane 


LS7228, &S7229 16 Lead Plastic DIP. 


LS7231, 7232, 
7233, 7234, 7235 


Continuously Variable Lamo Oimmer/AC Power Controller. 
Touch or Switch Sense. 


8 Lead rau oP . 


8 Lead Plastic DIP 


LS7237_ 1,3 or 4 Sequential Step Lamo Dimmer/AC Power a he 


Touch or Switch Sense. 


Variable Lamon Dimmer/AC Power Controller. Touch/Switch | 
Sense... Dim/Full Bright/Power Fail Output for Microprocessor — 


24 Bit, 7 Level Memory with uTesplened t Comparator. 
40 Lead Plastic DIP. |. 24 Parallel. Inputs: 


‘| 20 Lead Plastic my 


18 Lead Plastic DIP 


Ls7240 


3 or 4 Phase Brushless DC Motor Electronic poms tors: 
Brake/Reverse/Overcurrent Sense/Speed Contro] © 


LS7260,7261,7262 


3 Phase Brushless OC Motor Fixed Speed Controller. 0.1% . 
Accuracy. For Disc Drivers” &: ‘Other Applications. — . | 


187263 


4 Phase Brushless OC Motor Fixed Speed Controller. 


0.1% 
Accuracy. For Disc Drivers & Other Applications. 


ts7zea ss ((tti‘“CS:*rt:*é«dN head Paste DEP 


NOTES: 1) For extended price quotes, contact factory or your Toca) representative. - Reg et. 
a 2) For price quotes for SOIC,CERDIP, CERAMIC, MIL STD 883 screening, Li a Packed Dice, or Probed wafers, contact factory @ or your local rep. 
~  +3) For sampjes, contact factory or your local representative. - | : _ | - 
. 4) Orders for less than $100.00 must be placed at our distributors. : | : ae 
—§)- Prices subject to change without notice. Prices listed are per unit. 


